Encouraging low-impact-development stormwater-management practices / Assabet River Watershed sub-basin case study by Brown, James E. (James Edward), 1969-
Encouraging Low-Impact-Development Stormwater-Management Practices:
Assabet River Watershed Sub-Basin Case Study
by
James E. Brown Jr.
B.S. Environmental Engineering
University of Central Florida, 1997
SUBMITTED TO THE DEPARTMENT OF CIVIL AND ENVIRONMENTAL
ENGINEERING IN PARTIAL FULFILLMENT OF THE REQUIREMENTS FOR THE
DEGREE OF
MASTER OF ENGINEERING IN CIVIL AND ENVIRONMENTAL ENGINEERING
AT THE
MASSACHUSETTS INSTITUTE OF TECHNOLOGY
JUNE 2005
© 2005 James E. Brown Jr. All rights reserved.
The author hereby grants to MIT permission to reproduce and to distribute publicly paper and
electronic copies of this thesis document in whole or in part.
Signature of Author
Department of Civil and Environmental Engineering
May 12, 2005
Certified by
Peter Shanahan
Senior Lecturer of Civil and Environmental Engineering
Thesis Supervisor
Accepted by
Heidi Nepf
Chairman, Committee for Graduate Students
Encouraging Low-Impact-Development Stormwater-Management Practices:
Assabet River Watershed Sub-Basin Case Study
by
James E. Brown Jr.
Submitted to the Department of Civil and Environmental Engineering on May 12, 2005 in Partial
Fulfillment of the Requirements for the Degree of Master of Engineering in Civil and
Environmental Engineering
ABSTRACT
Regulatory codes and ordinances create a framework that guide stormwater management
decision processes. These regulations are designed to protect the health and safety of the public
and to preserve the natural integrity of the environment. Using a case-study approach in Acton,
Massachusetts, a two-part examination is performed. The first is a comprehensive review of
Acton's developmental code and ordinances. The second part of the study is a site
redevelopment design using LID technologies for site-level stormwater management.
To facilitate the regulatory review, a code and ordinance worksheet (COW) developed by The
Center for Watershed Protection (CWP) was used to evaluate Acton's regulations against the
CWP's twenty-two model development principles. Acton's score was then compared to
previously completed worksheets from eighteen other eastern seaboard communities.
The Discovery Museums, a children's museum in Acton, was chosen for the site redevelopment.
The museum expressed a desire to remove an existing parking area and reconfigure another lot to
absorb the displaced spaces. The EPA's Low-Impact Development Design Strategies manual
was used to guide the museum site planning and design development. The design evaluation
included comprehensive hydrologic and water quality analyses to determine pre- and post-
development performance.
The results of the regulatory review demonstrate that Acton's existing developmental codes and
ordinances do not presently encourage LID practices and have only a 62% agreement with the
CWP model development principles. The museum site redevelopment design proves that site-
level stormwater management technologies can be incorporated into the site landscape and be
used to return the site's hydrologic volume, rate, and water quality to a pre-developed condition.
Thesis Supervisor: Peter Shanahan
Title: Senior Lecturer of Civil and Environmental Engineering
Acknowledgement
To my wife, Tara, for her love, compassion, understanding, and endless support of my academic
and professional careers. I owe you everything!
To my two beautiful daughters, for their unconditional love and for their consistent, but always
welcome, distraction from the academic rigors this year has offered.
To my cat, Misty, my beacon in the night. After everyone was in bed, she was always there
keeping me company.
To Eric Adams & Pete Shanahan for providing me with your time, wisdom, and guidance.
To my fellow AQUAlity engineers: Brian Friedlich and Najwa Obeid. I can't believe we
finished. It wouldn't have been possible without you - Thanks.
To my fellow MEngers, for their friendship and camaraderie.
To the Lincoln Laboratory Shuttle drivers (Bob, Gary, and even Scott). The USPS has nothing
on you guys. Thanks for never letting me down.
To the U.S. Navy, for helping me achieve my dreams. A special thanks to all of the U.S. and
International troops that have been deploying all over the globe supporting the War on
Terrorism. I deeply appreciate you keeping the watch, your personal sacrifice, and your
contribution to my family's safety. You embody an unswerving can do spirit!
Last but definitely not least, to my parents. For always setting the bar high and never losing faith
in me. When times get tough and the stress begins to mount, it is their spirit and strength
embedded in my heart that gets me through. Thanks don't come close to covering the debt I owe
them.
3
Table of Contents
Acknowledgem ent ......................................................................................................................... 3
Table of Contents .......................................................................................................................... 4
List of Figures ................................................................................................................................ 5
List of Tables ................................................................................................................................. 6
1. Introduction .......................................................................................................................... 7
A. Introduction ......................................................................................................................... 7
B . P u rp o se ................................................................................................................................ 9
C. Problem ............................................................................................................................. 11
D. Background ....................................................................................................................... 12
E . S c o p e ................................................................................................................................. 14
11. LID Storm water M anagem ent .......................................................................................... 16
A . Introduction ....................................................................................................................... 16
B. Integrated M anagem ent Practices ..................................................................................... 19
111. M unicipal Code and O rdinance Analysis ........................................................................ 26
A . Introduction ....................................................................................................................... 26
B. Background ....................................................................................................................... 30
C. Acton Code and Ordinance Review .................................................................................. 32
D . Comparative Studies ......................................................................................................... 36
IV . Discovery M useum s Redevelopm ent ................................................................................ 42
A . Background ....................................................................................................................... 42
B. Project Scope .................................................................................................................... 42
C. Site Design ........................................................................................................................ 42
Existing Conditions ............................................................................................................... 42
Site Redevelopm ent .............................................................................................................. 47
Hydrologic Assessm ent ................. I .......................... I ........................................................... 61
Runoff W ater Quality Analysis ............................................................................................ 66
Redevelopm ent Construction Cost Estimate ........................................................................ 68
V . Conclusions and Recom m endations ................................................................................. 70
A . Conclusions ....................................................................................................................... 70
B. Recom m endations ............................................................................................................. 72
VI. References ........................................................................................................................... 74
Appendix A ................................................................................................................................... 78
Appendix B ................................................................................................................................... 90
List of Figures
Figure 1: The H ydrologic C ycle ................................................................................................. 7
Figure 2: Acton Discovery Museums aquifer recharge project plaque ..................................... 10
Figure 3: Relationship between impervious cover and surface runoff ...................................... 16
Figure 4: Conventional centralized BMP application............................................................... 17
Figure 5: Distributed site-level LID BMPs............................................................................... 18
Figure 6: Trench Infiltration System......................................................................................... 20
F igure 7: Sw ale Infiltration ........................................................................................................... 2 1
Figure 8: Engineered green roof ............................................................................................... 22
Figure 9: Parking lot porous paver application......................................................................... 23
Figure 10: Typical residential construction site......................................................................... 24
Figure 11: Section view of uncompacted soil............................................................................... 24
Figure 12: Massachusetts NPDES Phase II Designated MS4s.................................................. 28
Figure 13: Discovery Museums existing site layout.................................................................. 43
Figure 14: Existing paved and unpaved surfaces...................................................................... 44
Figure 15: Discovery Museums tool and equipment sheds ...................................................... 44
Figure 16: West lot garden and nature trail ............................................................................... 45
Figure 17: Children's Science Museum front elevation................................................................ 46
Figure 18: Discovery Science Museum rear teaching area........................................................... 46
Figure 19: Low-Impact Development strategic approach diagram .......................................... 47
Figure 20: Discovery Museums site survey............................................................................... 49
Figure 21: Proposed vs. existing lot layout................................................................................ 51
Figure 22: W est lot landscape layout......................................................................................... 52
Figure 23: Typical porous pave section .................................................................................... 53
Figure 24: The Discovery Museums aerial rendering................................................................ 54
Figure 25: The Discovery Museums east lot rendering ............................................................. 55
Figure 26: Curb and curb-cut section detail............................................................................... 56
Figure 27: Gabion basket retaining wall detail........................................................................... 58
Figure 28: Gabion basket retaining walls ................................................................................. 59
Figure 29: Science Museum amphitheater west elevation............................................................ 60
Figure 30: Science Museum amphitheater east elevation............................................................. 61
Figure 31: Interaction between sub-areas and rain gardens in SLIDD...................................... 64
Figure 32: Bar chart of results based on 10-year design storm.................................................. 65
Figure 33: Runoff hydrographs for the entire site for 10-year design storm............................. 65
Figure 34: Comparison of TP inflows for three site conditions................................................ 67
Figure 35: Comparison of TP outflows from each of the three site designs.............................. 68
5
List of Tables
Table 1: Key Local Code and Ordinance Documents .............................................................. 11
Table 2: Code and Ordinance Worksheet Total Score Evaluation .......................................... 32
Table 3: Acton Code and Ordinance Worksheet summary ..................................................... 34
Table 4: Code and Ordinance Worksheet comparative historical data summary ..................... 37
Table 5: Code and Ordinance data comparison........................................................................ 38
Table 6: Example of an SCS curve number table...................................................................... 62
Table 7: Pre-developed and current site conditions................................................................. 63
Table 8: Total runoff results for various design storms............................................................. 63
6
I. Introduction
A. Introduction
Earth's water is in a constant state of motion. With no start or end point, the water inventory
moves in a cycle and has done so for billions of years. All life forms are dependent on water for
their survival and are, thus, directly tied to this water cycle. Disruption of the natural cycle in any
form has direct impacts at the source of the disruption and indirect impacts to the rest of the
cycle. The key components of the hydrologic cycle are illustrated in Figure 1.
Figure 1: The Hydrologic Cycle
The first intentional development of the terrestrial landscape began approximately 6000 B.C.
when a shift was made from nomadic hunting of the Late Glacial Period (8000 B.C.) to
settlement and agricultural societies in the Near East (James 2002). From 6000 B.C. to the
current state of post-industrialized modem civilization, technological advancements and
continued land development have transformed simple agriculturally based communities into
thriving, complex, industrial societies. This rapid growth has been accompanied by larger and
larger consumptive demands from an ever increasing population. To support and sustain the
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population increase, hundreds of thousands of acres are altered each year as part of the
development process. The developmental radius around many industrialized areas is increasing
at a rate that exceeds the population growth (Leinberger 1995). The consequence is the creation
of increasing amounts of impervious cover in the form of roads, buildings, and highly compacted
soils surrounding developed structures. Adding impervious cover impedes the natural infiltration
process, which results in increased stormwater runoff.
Stormwater runoff, both naturally occurring and that caused by engineered development, is
typically regarded as a nuisance to the public and potentially damaging to property. As such, the
underlying paradigm of conventional stormwater management is to remove runoff as quickly and
discreetly as possible. Designs for conventional stormwater management technology use curb-
and-gutter systems to quickly and efficiently move excess stormwater off of the site and away
from roads, building structures, and pedestrian areas. From a very local perspective the collect-
and-convey process for stormwater runoff performs adequately and satisfies the public desire for
dry roads and property. Further, modem development has incorporated curb systems so
prolifically and proficiently that they are as much aesthetic expectations as functional
components of an engineered system.
Regardless of the engineering and architectural success of curb-and-gutter systems, the fact
remains that this method of stormwater management is a significant disruption to the natural
water cycle. Interruption of the pre-developed infiltration process on a lot-level scale would not
normally cause a problem by itself. However, when the sum of the displaced natural recharge for
an entire region is collected and conveyed downgradient in a continuously-connected impervious
curb, gutter, and pipe system, the disruption to the recharge component of the natural water cycle
is measurable. The severity and extent to which infiltrative impairments cause harm to human
health and the environment may never be completely quantified. But, there is sufficient evidence
presented in recent research (HUD 2003, Hager 2003, Coffman 2004) to suggest that the
detrimental effects of conventional stormwater management may outweigh the engineering
benefits and aesthetic function of curb-and-gutter conveyance methods.
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A result of recent water quality and stormwater research is the emergence of Low-Impact-
Development (LID) stormwater management. LID uses lot-level engineered management
controls for runoff created by development. The underlying goal of LID is to design the built
environment to remain a functioning part of an ecosystem rather than exist separately (Coffman
2004). By engineering micro-level solutions that seek to replicate predevelopment hydrologic
and ecological functions, the impact of land development is significantly reduced. Further, by
engineering stormwater management solutions closest to their source, interruptions to the
complex surface and subsurface ecological cycles are minimized and cumulative interruptive
effects are avoided.
B. Purpose
The purpose of this thesis is to evaluate why conventional stormwater management practices
remain the de facto standard for most US development when alternative technologies like LID
are available. This thesis will focus on two general factors that influence stormwater
management decisions: 1) codes and ordinances and 2) public awareness. There are many other
variables that compel the use of conventional stormwater management practices, however, a
significant portion of the decision process lies in one of these two areas.
Regulatory codes and ordinances create a framework that guide stormwater management
decision processes. These regulations are designed to protect the health and safety of the public
and to preserve the integrity of the environment. A case study approach will be used to examine
how well these intentions are being met and how the regulations might be improved to better
serve their intended purpose.
A site-level redevelopment design will also be developed for The Discovery Museums in Acton,
Massachusetts. There are three functional engineering objectives of the design. The first is the
conversion of an existing parking lot to a new green-space transition between the museum's two
main detached structures. The second objective is to redesign a second existing parking lot to
accommodate many or all of the displaced parking spaces generated by the conversion project.
The last functional engineering objective is to create an outdoor teaching area in the back of the
main building and to correct an existing drainage problem in this area.
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Redevelopment to a level required to meet the proposed functional objectives also triggers
requirements to actively manage the site's stormwater runoff. This project will utilize a number
of LID integrated management practices (IMP) to manage site level stormwater in lieu of
conventional management technologies. Conspicuous placement of rain gardens, swales, porous
pavement systems, and selective clearing practices will all be used as living educational displays
for the museum patrons. Each LID IMP display will have a supporting educational placard,
similar to the museum's first LID pilot project shown in Figure 2. These placards serve to
increase the local community's knowledge of stormwater and its management alternatives.
Figure 2: Acton Discovery Museums aquifer recharge project plaque
As a pilot-scale project, the first aquifer recharge display has had a dramatic impact on many of
the museum's patrons. Implementing a full-scale site redevelopment will further the public
awareness of stormwater and the important role it has in the localized ecosystem. It may also
stimulate public pressure to provide citizens and land developers the regulatory flexibility for
site-level stormwater management such as LID.
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C. Problem
The importance of water as a natural resource is recognized and appreciated by most modem
societies. The majority of the world's industrialized nations have regulations in some form that
dictate standards for drinking water, wastewater, and stormwater. The United States is no
exception. The U.S. federal entity charged with environmental regulation is the Environmental
Protection Agency (EPA). The EPA was established on December 2, 1970 as part of
Reorganization Plan No. 3.with a mission to "protect human health and to safeguard the natural
environment--air, water, and land--upon which life depends" (Gibbons 1999). Based on results
from scientific research the EPA has issued numerous Federal regulations that are intended to
meet the Agency's protective mission.
States, cities, and townships have established their own regulations in the form of codes and
ordinances to meet the EPA's minimum standards for environmental protection at the local level.
These local codes and ordinances also include standards for development density, geometry, and
growth. Unfortunately, in most cities developmental codes and ordinances are not controlled or
issued by a single comprehensive commission or regulatory body. Instead, they are fragmented
throughout numerous documents and across many different agencies. Some of the most common
documents controlling local development are listed in Table 1 (CWP 1998a).
Table 1: Key Local Code and Ordinance Documents
Zoning Ordinances
Subdivision Codes
Street Standards or Road Design Manuals
Parking Requirements
Building and Fire Regulations/Standards
Stormwater Management or Drainage Criteria
Buffer or Floodplain Regulations
Environmental Regulations
Tree Protection or Landscaping Ordinances
Erosion and Sediment Control Ordinances
Public Fire Defense Master Plans
Grading Ordinances
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With no central governing body to coordinate the complex network of regulations, many obvious
and commonly held objectives for better site development are lost. Further, on the receiving end
of these regulations, developers' sensitivity to time and cost remove any incentive to bend or
stretch the interpretation of these regulations. Therefore, there is rarely a viable voice for change
from either the numerous regulatory agencies or from the developers who are charged with
regulatory compliance. Without a voice or coordinated compulsion for change, it is not
surprising that conventional stormwater management practices persist in lieu of many seemingly
superior alternatives.
D. Background
The Assabet Watershed encompasses all or part of 20 different communities. Seven of these 20
communities derive public drinking water from the Assabet Watershed aquifers and/or surface
water sources in the watershed. These seven communities include Acton, Concord, Hudson,
Marlborough, Maynard, Northborough, and Westborough. According to water-use data for
2002, Acton and Maynard were the only two towns that have public water supplies derived
solely from the Assabet watershed and completely from groundwater supplies (OAR 2002a).
In 1986, a group of concerned citizens who recognized developmental impacts on the Assabet
watershed established the Organization for the Assabet River (OAR). OAR is a 501 (c)(3)
nonprofit group whose mission is "to preserve, protect, and enhance the Assabet River, its
tributaries, and watershed" (OAR 2002b). In January 2002 a two-year joint project between
OAR and the Assabet Consortium began in an effort to study specific Assabet River impacts
including water quality and river hydrodynamics. The project was funded through a $350,000
EPA EMPACT Metro grant. According to the Assabet River Stream Watch Organization's
preliminary findings "the Assabet has already lost much of its baseflow because of existing
groundwater withdrawals, sewering, and extensive paved and otherwise impervious surfaces
where water can't infiltrate back into the aquifers" (Stream Watch 2002).
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Baseflow reduction into the Assabet River is especially pronounced in summer months. In fact,
in the summer of 1995 the United States Geological Survey recorded Assabet River flows that
were less than the sum of the wastewater effluent being discharged into it (Savineau 1999).
During the peak summer months, there is increased groundwater demand from residents to
irrigate lawns and wash cars. Acton alone experiences a 30% average increase in water demand
during summer months (OAR 2002c). In addition to the increased human demand, there is
seasonal increase in groundwater demand from flora to support evapotranspiration.
Compounding the increased groundwater demand, there is an increase in surface-water loss due
to elevated air temperatures and a loss of supply from upland snow melts. Hard-pipe sewering of
impervious surface runoff has a year-round impact on groundwater recharge, but the traditionally
highly nutrient loaded summer runoff is a particularly large contributor to the river's
eutrophication problem.
For these reasons it is vital for all Assabet watershed consumers, especially those like Acton and
Maynard who have high groundwater demand, to look for ways to budget their demands and
explore methods to maximize opportunities for groundwater recharge. Acton currently holds a
Massachusetts Water Management Act (WMA) registration and withdrawal permit for up to 1.9
million gallons per day (MGD) or 700.9 million gallons per year (MGY). Town water-use data
for 2002 indicate a total of 680 million gallons consumed that year (OAR 2002c). With demand
nearly maximized, the only plausible method of increasing baseflow and permitted withdrawal
allowance is to enhance recharge to the groundwater aquifer. Management of precipitation runoff
to optimize infiltration will have a significant impact on increasing the quantity of aquifer
recharge.
Massachusetts Department of Environmental Protection (MDEP) has a Stormwater Management
Policy applicable to all Massachusetts communities (MDEP 1997). The policy requires pre- and
post-development stormwater recharge to be as close as practicable given the specific soil class.
Incorporating this directive, Acton's Subdivision Regulation requires post-development recharge
to equal that of pre-developed conditions in Groundwater Protection District Zones 1-4. This
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regulation goes on to dictate the level of analysis required for quantification of the pre- and post-
developed conditions.
However, the use of conventional curb-and-gutter systems is still mandated as part of the
Subdivision Regulations. To comply with both the post-development recharge directive and also
meet the prescribed collect-and-convey requirements, developers are left with only a few
centralized infiltrative management options. The vast majority of these options would be
classified as conventional, end-of-pipe, centralized best management practices (BMPs).
The combined directives of the Acton Zoning Bylaw and Subdivision regulations provide
comprehensive institutional controls to ensure localized flood abatement technologies will be
installed for all new construction. These combined directives leave little provision for alternative
localized control measures. As a result, local interruptions to the surface/subsurface hydrology
and ecosystems are occurring. Further, there is evidence that some of the Assabet River water
quality impairments may be attributable to interference and interruption of the natural
groundwater dynamics in the Assabet watershed (Stream Watch 2002).
E. Scope
The direct and indirect factors influencing Acton's stormwater management practices appear to
be inflexibility in the codes and ordinances and the lack of public awareness regarding
conventional stormwater management system impacts. These factors will be addressed in this
study.
Codes and Ordinances - Acton's codes and ordinances will be evaluated using the Center for
Watershed Protection's (CWP) Code and Ordinance Worksheet (COW). This tool will create a
quantitative score of Acton's development standards, ordinances, and codes as they compare to a
number of site planning benchmarks that have been derived from the CWPs twenty-two model
development principles (CWP 1998b). Acton's raw score will also be compared to completed
worksheets from other states. Based on the results of Acton's evaluation, specific
recommendations for regulatory revision will be made that facilitate continued development but
minimize disruption to the pre-developed ecosystem.
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Education - A site redevelopment plan for The Discovery Museums in Acton will be prepared
using an LID approach. The plan includes the consolidation of two existing parking lots into a
single lot of equivalent capacity, redevelopment of an outdoor teaching area, and an analysis of
the site's pre-developed and post-developed hydrologic and water quality condition. The
redevelopment plan includes pre- and post-development site layouts, architectural renderings of
the proposed design, hydrologic modeling of the site's runoff using Site Low Impact
Development Design (SLIDD) analysis (Friedlich 2005), and runoff water quality analysis
modeling using P8 (Obeid 2005).
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II. LID Stormwater Management
A. Introduction
Historically, stormwater management has focused on flood protection through the controlled
release of water. The most commonly used modem technology for this strategy is the detention
basin. The basic approach is to quickly move stormwater away from high value development
such as structures and roads and collect the runoff in an engineered storage device (detention
basin) located in a more remote location. Using design criteria dictated by local regulation, the
detention basin is constructed to hold a specified volume of runoff which it then releases at a
controlled rate. The rate of discharge is typically that of the pre-developed peak rate. This
method manages the rate of discharge to provide protection from flooding, but it does not
address or control the total amount of runoff received or discharged from the basin. As a result,
increases in runoff volume attributable to urbanization go unchecked using the traditional
detention basin approach. The impact of urbanization and the construction of impervious cover
have significant impacts on the stormwater distribution, which is illustrated in Figure 3 (USDA
2001).
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Source: http://www.nrcs.usda.gov/technica/stream_restoration/PDFFILES/CHAPTER3.pdf, Figure 3.21
Figure 3: Relationship between impervious cover and surface runoff
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As urban areas continued to grow in size and density, the deficiencies of standard detention
basins became clear. The cumulative effects of numerous detention basins discharging much
larger volumes of runoff than pre-developed conditions began causing noticeable changes to the
urban steams within the drainage basins. As a result of the increased runoff volume, there was a
proportional decrease in recharge volume.
With a newly found awareness of runoff volume impacts, infiltration basins arose as a
technology that could decrease the amount of runoff volume through infiltration and recharge of
the groundwater aquifer. By the 1970's, infiltration basins were widespread in the U.S. (Potter
2003). Infiltration basins have many downfalls though. They are costly to maintain and need
favorable soils and sufficient depth to groundwater (Potter 2003). Also, because they are large
basins used at a centralized location, runoff is still taken off the site as quickly as possible. As a
result, the natural hydrology of the area is not preserved. A conventional application of an
infiltration basin approach is shown in Figure 4 (Coffman 2004).
Figure 4: Conventional centralized BMP application
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More recently, a technology called Low-Impact Development (LID) is beginning to show great
promise in stormwater management and corrects many shortcomings of conventional
management technologies. LID focuses not only on preserving the natural water balance, but on
protecting the entire ecosystem. Low-Impact Development uses this same idea of increased
recharge and evapotranspiration, but in a decentralized manner. An example of the LID
decentralized approach is illustrated in Figure 5 (Coffman 2004). The same subdivision layout is
used in Figure 4 and Figure 5, but a greater number of buildable lots are generated using an LID
strategy. Removing the need for the northern detention pond in Figure 4 creates additional
buildable lots.
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Figure 5: Distributed site-level LID BMPs
The use of many small infiltration devices makes specific LID BMPs easier to site and allows for
enhanced infiltration. Further, the technologies can be customized to suit site specific limitations
or stormwater conditions. For example, for more polluted water bioretention cells utilizing
phytoremediation as well as infiltration can be used instead of pure infiltration areas.
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In recent years, there has been an increased knowledge and sensitivity placed on runoff volume
reduction. However, the driving motivation behind the regulatory requirement to match pre- and
post-development recharge is to minimize the detrimental effects of increased surface runoff. As
a result of these new recharge requirements and the existing code and ordinance requirements
dictating the use of collect-and-convey methods, engineers have simply adapted conventional
systems to meet this requirement. In most cases this means increasing the infiltration basin size.
In turn, developers are required to set aside more land area to construct these larger infiltration
basins to ensure the collected stormwater has the required residence time in the basin to recharge
the aquifer to pre-developed volumes. Finding a suitable site for these larger infiltration basins
can be difficult and can require piping stormwater extended distances to reach a suitable
infiltration basin site. In essence, this methodology meets the recharge requirement but does so
by increasing the disturbance radius and local recharge extremes. The average recharge for an
entire site can be set to pre-developed levels. However, conveying stormwater away from its
original recharge point requires increasing the recharge in some other location an equivalent
amount to ensure the average recharge is kept steady. This causes unnecessary micro-level
recharge extremes (both higher and lower) from the pre-developed baseline recharge levels. LID
methods seek to match pre-developed hydrologic conditions at the smallest scale practical. In
doing so, the LID approach causes only minor disruptions to the natural surface and subsurface
ecosystem at even the micro-level.
B. Integrated Management Practices
LID Technologies
LID technologies reduce runoff through infiltration and evapotranspiration at site level. From a
hydrologic standpoint, there are three major groups of LID technologies: trench, swale, and
surface cover. This section will expand on the functions of each group.
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* Trench
Trench infiltration is functionally the same as the large infiltration basins, but at a much smaller
scale. Trenches recharge the aquifer through infiltration to subsurface soils. Soils in trench
systems are usually replaced with higher conductivity soils, such as sand. A schematic of the
trench system is shown in Figure 6 (Coffman 2004).
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Figure 6: Trench Infiltration System
Besides promoting infiltration, the trenches can serve additional functions. Rain gardens, a
trench technology, also increase the amount of water transpired to the atmosphere by plants.
Another form of trench technology, the bioretention cell, degrades contaminants in the water
through natural processes such as phytoremediation and bioremediation. As a result, they readily
degrade organic contaminants. The design of rain gardens requires a known soil hydraulic
conductivity. This parameter is necessary for predicting the outflow of the system. The gardens
can be constructed to have a specific storage volume above the soil surface. Overflow protection
can be provided using a weir structure or outflow orifice/piping. Excess runoff can be directed to
conventional stormwater conveyance systems, or to another LID device using a cascading
treatment chain approach.
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0 Swale
Swales are depressions that capture and infiltrate water (Figure 7, Coffman 2004). During high
rainfall events, swales can also transport water. Functionally, they replace the pipe in "pipe and
pond" conventional situations. Biofiltration swales can be used to improve the quality of the
stormwater runoff. Through natural processes similar to those used in the bioretention cells
(bioremediation/ phytoremediation), various contaminants can be degraded.
Figure 7: Swale Infiltration
* Surface Cover
Changing the characteristics of the ground surface can improve on-site infiltration,
evapotranspiration, and allow one to manage more stormwater on-site. The three major
examples of surface technologies are green roofs, porous paving, and soil amendments. In each
of these strategies the conventional structural objectives are met (e.g. roof, pavement,
landscaping), but provision is also made within the device to intercept stormwater that would
otherwise run off towards downgradient collection.
21
Roof cover - Human Environment
Buildings are one of the major impervious areas in suburban and urban settings. Green roofs
allow building roof surfaces to store and evapotranspire water. Ultimately, the roof is still
impervious, but the void volume of the green roof's soil layer provides storage for water
reaching the roof surface. The flora cover on the roof surface protects the soil layer from erosion,
provides shade and cooling for the roof surface, and consumes pore water through transpiration.
An example of a green roof application is shown in Figure 8 (Coffman 2004).
Figure 8: Engineered green roof
Pavement Cover - Vehicular Environment
Pavement is the other major form of impermeable surface in urban development. The most
common impermeable pavement materials are bituminous asphalt and concrete. Both of these
materials are very durable to wear and have relatively low maintenance requirements. Porous
pavements systems are an alternative to impermeable pavement, however, maintenance
requirements and durability are not necessarily on par with the impermeable counterparts. Porous
pave systems are ideal for pedestrian areas and low volume/weight traffic areas. Use in these
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areas will provide more than adequate wear surface but will also allow stormwater to infiltrate to
the underlying soils and aquifer. Porous pavements can be made of varying materials, such as
grass, stone, and gravel. A typical parking lot application of the porous paver system is shown in
Figure 9 (Coffman 2004).
Figure 9: Parking lot porous paver application
The last and most often overlooked source of impermeable surface is soil compaction. Typical
site preparation for residential or commercial development involves clearing and grubbing the
construction area. The clearing and grubbing process strips off the existing thin topsoil layer.
During the construction process, movement of vehicles and equipment causes surrounding soils
to become highly compacted. The soil surrounding the residential construction site shown in
Figure 10 (Coffman 2004) has been compacted well above its pre-developed level. This greatly
reduces the permeability of the soil which leads to larger volumes of runoff. Further, many
standard construction specifications mandate finished general site compaction levels to be 85-
95% of ASTM D 1557 levels (UFGS 2004).
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Figure 10: Typical residential construction site
A solution to impervious ground cover caused by compacted soil is to amend and aerate the soil
after construction operations are complete. This allows root structures of grasses and shrubbery
to penetrate deeper into the soil and improves the overall soil quality. This technique has been
proven to lower runoff rates and volumes. Amending the soil with organics and reducing the
compaction levels have also been shown to promote habitation by earthworms and other
beneficial burrowing insects as shown in Figure 11 (Coffman 2004).
Figure 11: Section view of uncompacted soil
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Promoting a deeper root structure through aeration and the inclusion of soil amendments will
also reduce water and fertilizer requirements. Consequently, the homeowner or landscaper then
has to water and fertilize less often. With less fertilizer being applied there is a resultant drop in
nutrient pollutant loading in the site's surface runoff.
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III. Municipal Code and Ordinance Analysis
A. Introduction
Stormwater Quality - Regulatory Overview
Recognizing a rapid reduction of water quality throughout the U.S. and the potential impacts this
degraded quality would have on human health and aquatic ecosystems, the U.S. Congress
enacted the Water Pollution Control Act in 1948. This act gives the Surgeon General of the
Public Health Service authority to establish comprehensive programs to reduce pollutant
discharges and to raise the sanitary condition of surface and groundwater to protect the public it
serves. This act has been amended over the years to provide funding for research, increase cross-
departmental responsibilities, increase state and local responsibilities, and, as discussed below,
significantly reorganize water-quality management. The most significant amendments came in
1970, 1972, and 1977.
As previously mentioned in part C of Chapter I of this thesis, the Environmental Protection
Agency was established in 1970 as part of Reorganization Plan No. 3. This plan also abolished
the Federal Water Quality Administration in the Department of Interior. Water-quality functions
that were previously assigned to the Secretary of Interior and the Department of Interior were
transferred to the newly established EPA. The year 1970 was also witness to a number of new
water-quality regulations dealing with identification and reduction in pollutant discharge into
navigable waters. The 1972 amendments established the National Pollutant Discharge
Elimination System (NPDES). This system authorized the EPA to issue discharge permits but
stipulated specific guidelines to issue permits for discharges into the territorial sea, the
contiguous zone, and offshore ocean waters. The amendments in 1977, also referred to as the
Clean Water Act of 1977, broadly amended the existing act. The Clean Water Act (CWA)
included development of a "Best Management Practices" Program. This program provided states
with stipulated best management practices (BMP) for water quality control. The CWA of 1977
also transferred responsibility for the program over to individual states.
The NPDES program was carried out in two phases. The first phase began with the issuance of
the 1972 act and targeted large point source pollutant discharges. These included industrial
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discharges, municipal combined sewer systems, and medium and large municipal separate storm
sewer systems (MS4s). Designation as a medium or large MS4 is based on the population served
by the system. A medium MS4 services 100,000 to 249,000 and a large serves 250,000 and
greater.
The second phase of the NPDES program includes "regulated small MS4s." To be designated as
small the system serves a population of less than 100,000. A "regulated" small MS4 is generally
located within the boundaries of a Census Bureau designated "urbanized area" with a residential
population of at least 50,000 and an average population density of 1000 people per square mile.
However, some small rural MS4s outside of designated urbanized areas may still require NPDES
Phase II permitting if they meet specific population thresholds. An illustration of the
Massachusetts' NPDES Phase II designations with detailed coverage specific to Acton is shown
in Figure 12 (EPA 2004).
Over 97% of Acton's population is now regulated under the NPDES Phase II requirements.
Acton recently submitted a notice of intent (NOI) to the EPA (MDEP 2003), which details
receiving waters that have stormwater outfalls and details of particular impairments under the
NPDES regulations. Acton's NOI lists ten outfalls into two locations of the Assabet River. Both
locations are listed as impaired and require an active stormwater management program with six
program areas detailing initiatives to correct this impairment. The six required program areas are:
Public education
Public participation
Illicit discharge detection and elimination
Construction site runoff control
Post construction runoff control
Municipal good housekeeping
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Source: U.S. EPA - http:llwww.epa.gov/NElnpdeslstormwaterma.html
Figure 12: Massachusetts NPDES Phase II Designated MS4s
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Stormwater Volume Control - Regulatory Overview
Conventional stormwater management is based on targeted control and timed release of runoff
volume. The purpose behind this control is to prevent localized flooding but also to prevent
volume overload of the stormwater management infrastructure and receiving waters. The most
efficient method of controlling both the volume and the time release of collected storm water has
been through the use of controlled grading towards curbs, gutters, and catch basins to quickly
direct water to a central detention/ retention area. Controlled release is typically accomplished
through the use of an engineered weir or orifice outlet structure.
There are numerous regulations detailing specifications and requirements for each step of the
catch-and-convey process. The EPA sets the minimum standards for stormwater management
with each state and town adding additional detail and requirement. Acton has specific standards
that are detailed in the Acton Zoning Bylaw (Acton 2004b) and Subdivision Regulations (Acton
2004a), as well as basic engineering and construction standards regulations by reference.
The EPA allows a number of methods for estimating and modeling stormwater runoff. However,
the more stringent Acton Subdivision Regulations (Section 5.3.18) specify the use of the rational
method using the 10-year storm for determining peak runoff and associated pipe sizing. Section
5.3.18 goes on to establish minimum stormwater pipe size of 12" diameter. Section 8.2 of the
Acton Subdivision Regulations details construction standards for drainage including a
requirement to use a "manhole system" for street runoff. Paragraph 8.2.3 of this section
mandates control of peak runoff from the site to that of its pre-developed condition. Paragraph
8.2.4 prohibits direct discharge of any collected runoff to natural receiving waters until the runoff
has been directed into a vegetated detention basin.
The aforementioned list of specific stormwater management requirements is only part of a much
longer list of requirements that, when comprehensively compiled, direct specific conventional
stormwater management technologies that do not necessarily match up with LID BMPs.
However, without exception, all of the regulations provide a means to submit stormwater
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management plans and specific designs for regulatory variance approval as long as they can be
shown to meet all conventionally specified performance standards.
LID technology and associated BMPs are a fairly new concept, but recent research provides
adequate physical and empirical data to support implementation. However, Acton's
aforementioned code and ordinance requirements present obstacles to implementation. To ensure
maximum effectiveness for potential LID implementation, Acton's regulations need to be
reviewed and possibly amended from prescriptive to performance-based requirements. These
revisions would reduce or eliminate variances and decrease approval times. In turn, developers
would be more inclined to use LID technologies as a first alternative to conventional stormwater
management. Developer's use of LID strategies in conspicuous locations would be helpful to the
Town in adding additional NPDES program initiatives in public education and public
participation at little or no additional cost to taxpayers.
B. Background
Recognizing that many small communities and local municipalities were in dire need of
watershed management assistance, a 501 (c)3 non-profit corporation was formed in 1992 to
service this need. The organization is called the Center for Watershed Protection (CWP) and
their mission is to provide communities with technical assistance and water management tools
needed to ensure protection of natural water systems. The CWP protection strategy includes
watershed planning, restoration, stormwater management assistance, watershed research, better
site design tools, education and outreach programs, and watershed training (CWP 1992).
In 1996 the CWP brought together a diverse group of participants to take part in a Site Planning
Roundtable (SPR). The group was comprised of key planning, design, and community
development representatives. The objective of the roundtable was to develop a consensus
agreement on model development principles that would help protect streams, lakes, and
wetlands. After two years of collaborative work and consensus processes they developed a set of
twenty-two model development principles. In the six years since the model development
principles were released many regional governments and local municipalities have been
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incorporating and/or including directives for their use in their developmental regulatory
requirements. In doing so, they have established an institutional requirement for more thoughtful
use of impervious cover, preservation of natural cover, and lower stormwater pollutant loading
and transport.
The twenty-two principles are grouped into three sections that include:
" Residential Streets and Parking Lots (Principles No. 1-10)
" Lot Development (Principles No. 11-16)
" Conservation of Natural Areas (Principles No. 17-22)
Using the twenty-two principles as a guide, a standardized Code and Ordinance Worksheet
(COW) was developed (CWP 1998a). The COW presents the twenty-two principles as planning
benchmark questions that require the user to answer yes, no, or include a quantified value for
mandated design parameters. Points are awarded for answers based on their agreement with the
benchmarks. There are 100 possible points available for the entire worksheet with subtotal
stopping points for each of the three sections mentioned above. Point distribution among the
three sections is not made equally. Section 1 has the strongest weighting with a total of 40
possible points. Sections 2 and 3 (36 points and 24 points respectively) carry less weighting.
Point allocations and resulting weight distribution are based on estimated environmental impact
of each principle. General interpretive guidance is provided at the end of the worksheet to help
communities understand the meaning of their overall worksheet scores. Interpretative guidance
for COW total score is presented in Table 2 (CWP 1998a).
When the site planning roundtable was complete the Center for Watershed Protection published
a 200-page book titled Better Site Design: A Handbook for Changing Development Rules in
Your Community. The book includes the twenty-two model development principles, COW,
general Site Development Roundtable consensus agreement, and case studies detailing examples
of each development principle.
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Table 2: Code and Ordinance Worksheet Total Score Evaluation
90-100 Congratulations! Your community is a real leader in protecting
streams, lakes, and estuaries. Keep up the good work.
80-89 Your local development rules are pretty good, but could use some
tweaking in some areas.
70-79 Significant opportunities exist to improve your development rules.
Consider creating a site planning roundtable.
60-69 Developmental rules are inadequate to protect your local aquatic
resources. A site planning roundtable would be very useful.
Less than 69 Your development rules definitely are not environmentally friendly.
Serious reform of the development rules is needed.
After the release of this book, a number of local communities requested that CWP facilitate
similar Site Planning Roundtables within their own regions. Completed COW scores for 18 of
these communities are discussed in paragraph D of this section.
C. Acton Code and Ordinance Review
Conduct of Review
The CWP COW was used as a basis for comparing Acton's regulations against the twenty-two
model development principles. The CWP COW was chosen due to its acceptance by the EPA
and because the standardized approach provides a means to make direct comparisons to
communities that have completed the same assessment.
In recognition of potential differences in regulatory language and fit into the standard language
of the COW, I performed the Acton assessment using applicable code and ordinance publications
as well as input provided by the Acton regulators themselves. On March 17, 2005 I met with the
Town Engineer and Director of Public Works, Mr. Bruce Stamski, P.E. and one of his staff
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engineers, Mr. Corey York. The Director of Natural Resources, Mr. Tom Tidman, also attended
and provided input to the worksheet. The completed worksheet is provided in Appendix A.
Worksheet Results
Table 3 provides a summary of the worksheet results. Section 1, Residential Streets and Parking
Lots (Principles No. 1-10), has the least agreement with the model development principles with a
raw score of 48%. Lot Development (Principles No. 11-16) and Conservation of Natural Areas
(Principles No. 17-22) each with scores of 71% have the greatest agreement with the model
development principles. Based on the interpretive guidance shown in Table 2, Acton's composite
score of 62% suggests that their current developmental rules are not adequate to protect the local
aquatic resources. It can also be inferred that their regulations will not contribute to improving
the Assabet water quality impairments listed in their NPDES Phase II MS4 NOI. Considering the
40% weight of Section 1 principles, the 52% disagreement of this section represents 55% of the
total code and ordinance disagreement.
Section deficiency and total deficiency scores are also presented in Table 3. The section
deficiency is defined as the amount (by percentage) that the individual principle deficiency
contributes to its section deficiency. Likewise, the total deficiency listed for each principle
represents the contribution it makes to the total deficiency. Examining these figures, it can be
seen that there are five principles that each contribute more than 10% to their respective section
deficiency and 4% towards the total deficiency. These areas are shown in Table 4 as target areas.
Principles 5 and 8 with scores of 0% and 20% respectively have the greatest disagreement with
their model principles. Principles 12 and 13 make up 29% of the Section 2 deficiency. Finally,
Principle 21 has a 17% section deficiency, which is the largest section deficiency contributor of
all twenty-two principles.
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Code and Ordinance Worksheet summary
Section Total Target
Principle # Score Out-of % Section Score Deficiency Deficiency Areas
1 4 7 57% 8% 3%
2 1 1 100% 0% 0%
3 4 4 100% 0% 0%
4 2 5 40% 8% 3%
5 0 4 0% 10% 4% 4
6 2 5 40% 8% 3%
7 1 4 25% 8% 3%
8 1 5 20% 10% 4%
9 0 1 0% 3% 1%
10 4 4 100% 48% 0% 0%
11 8 8 100% 0% 0%
12 2 6 33% 11% 4%
13 2.5 6 42% 10% 4% 4
14 6 6 100% 0% 0%
15 3 6 50% 8% 3%
16 4 4 100% 71% 0% 0%
17 3 4 75% 4% 1%
18 4 4 100% 0% 0%
19 1 3 33% 8% 2%
20 3 3 100% 0% 0% _____
21 0 4 0% 17% 4% '
22 6 6 100% 71% 0% 0%
Total Score 62%
Principle #5 - Vegetated Open Channels: Both the Zoning Bylaw and Subdivision Regulations
mandate the installation of 5" curbs along streets and around landscape features. Additionally,
the Subdivision regulations require the use of a "manhole" system for street drainage. The Acton
regulators explained that the curbing requirement has both a functional and aesthetic purpose.
Curbing provides protection from snow removal equipment such as plows and snow-blowers, a
suitable lateral anchor for bituminous pavement, and functions as a channel to move stormwater
towards catch basins and other collection infrastructure. Acton's regulations fail to achieve the
two points for the second part of principle #5 because there are no established design criteria
provided for swales. The existing regulations require stormwater basins to be lined with low
hydraulic conductivity soils as a water-quality protection measure-i.e., to limit stormwater
infiltration to groundwater. However, combining both the curbing and manhole system
requirement with the detention basin design requirement, it becomes very clear that Acton's
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Table 3: Acton
regulations direct the use of conventional collect-and-convey stormwater practices. This
disagrees with the model principle for use of vegetated open channels and is scored accordingly.
Principle #8 - Parking Lots: Section Six of Acton's Zoning Regulations details all of the Town's
parking requirements. Acton's parking standards have only a 20% agreement with the model
parking lot principle. The model principle is based on a philosophy of reducing the impervious
cover that is associated with parking lots. Acton agrees with the model principle of having
minimum stall widths of nine feet or smaller. However, nine feet is the minimum width allowed
for a standard space in Acton. There is no maximum width stated. The minimum stall width is
the only principle on which Acton and the model agree. The minimum length for a standard
parking stall in Acton is 18 feet 6 inches, which exceeds the standard principle by 6 inches.
Acton provides allowance for a maximum of 30% any lot's spaces to be configured for compact
cars. The model principle would mandate a minimum of 30% compact stalls. Last, Acton does
not allow pervious materials for spillover parking areas. Mr. Tidman did state that pervious
materials may be used for pedestrian pathways and walks in conservation areas.
Principle #12 - Setbacks and Frontages: Acton's regulations are in line with the model principle
with regard to allowance of irregularly shaped lots and having a rear setback allowance of less
than 25 feet. However, these are the only two items of agreement and make up all of the 33%
scored for this principle. There is disagreement in the minimum front and side setbacks and
minimum lot frontage for -acre residential lots. Reducing side setbacks and lot frontage will
decrease total road length in the community. Lowering the front setback requirement will reduce
the amount of driveway and walk surfaces required to support the individual dwellings.
Principle #13 - Sidewalks: There is some agreement between Acton's regulations and the model
principle for sidewalks, but the majority of Acton's sidewalk regulations depart from the ideal
principle. Acton does not mandate sidewalks on both sides of the road, but sidewalks are
required to be at least five feet wide. Bruce Stamski said the sidewalk width is based on the
standard width of the Town's snow removal equipment and also to allow sufficient space for
two-way pedestrian traffic. Acton's sidewalks are sloped to direct water towards the street,
which differs from the model principle. However, half-credit (0.5 points) was given for this item
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because Acton has a grass/landscaped pervious strip between their sidewalks and the street.
Acton does not allow alternate pedestrian networks to replace standard walks, but does allow
them as additional supplements. No points could be awarded for this item because their
sidewalks are impervious and the supplemental allowance does not reduce the amount of
impervious surface required.
Principle #21 - Land Conservation Incentives: By percent (17%), this principle was the single
greatest contributor to any Section's model principle deficiency. Tom Tidman provided the
response and input to this section. At the present time, Acton does not offer incentives or
flexibility to developers for land conservation or meeting regulatory restrictions. For this reason,
no points were awarded for the Acton land conservation regulations.
D. Comparative Studies
A direct result of the Better Site Design: A Handbook for Changing Development Rules in Your
Community release and the recent MS4 Phase II NPDES requirement has been requests for CWP
facilitation of local site planning round-tables. The majority of these CWP sponsored roundtables
have been conducted in towns along the mid-Atlantic coast. However, similar adaptations of
these roundtables have been conducted without CWP facilitation throughout the country (Hoyt
2005). The CWP has a growing database of completed COW scores as well as roundtable
summaries. These summaries include detailed discussions and recommendations born from
COW results and consensus agreements.
Table 4 shows a detailed breakdown of completed worksheets of eighteen communities from five
different states (Hoyt 2005, Dreps 2005). Average scores are based on the average raw score
divided by total available score (either principle total, section total, or worksheet total as
appropriate). Available points for each category can be found in Table 3. The eighteen
communities completing the worksheet have codes and ordinances that have an average of 58%
agreement with the model development principles. Residential streets and parking lots have the
lowest section average at just 48% agreement while lot development has the largest section
average at 67%.
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Table 4: Code and Ordinance Worksheet comparative historical data summary
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The overall average of 58% is a very telling metric. Based on the COW scoring guidance
presented in Table 2 all but four of these communities "definitely are not environmentally
friendly" and "serious reform of the development rules is needed."
Table 5 compares Acton's COW results to the averages from Table 4. With a composite average
of 62%, Acton's regulations are more in agreement with the model principles than the
comparative average of only 58%. Acton's regulations dealing with residential streets and
parking lots (Section 1) are on par with the historic 48% average.
Table 5: Code and Ordinance data comparison
Acton, MA Comparative Studies
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Target areas chosen in Table 3 were those principles with deficiencies contributing at least 10%
to their respective section deficiency and also 4% to the total worksheet deficiency. Target areas
listed in Table 5 were chosen using a similar methodology, but with two different criteria. Table
5 targets were chosen if their contribution to the section's deficiency is > 8% or if their
contribution to the total deficiency is > 2%. The logic for Table 5 is more inclusive than the
10%-section and 4%-total logic used in Table 3 and thus accounts for the averaging effect on the
comparative data. The revised logic screen captures all of Acton's target principles from Table 4
(shown as bold checks in Table 5) but adds additional areas for suggested review.
Target Principles - Revised screen
Principle #1 - Street width: Acton's 57% agreement is slightly above the comparative average
of 51%. In the comparative study areas, general recommendations for improvement included
(Hoyt 2005):
" Designing residential streets for the minimum required width to support travel lanes, on-
street parking, and emergency/service/maintenance vehicles
" Encouraging narrow pavement widths on residential collector and sub-collectors where
parking is not anticipated or desired
* Reducing on-street parking requirements where off-street parking can be provided
Principle #4 - Cul-de-Sacs: Acton's score of 40% results in an 8% contribution to the section
score and 3% overall deficiency contribution (see Table 3). Acton's Subdivision Regulations
mandate a minimum cul-de-sac radius of 50 feet. The recommended radius is less than 35 feet
with partial credit given if the required radius is above 36 feet but less than 45 feet. To their
credit, Acton requires the construction of a landscaped island in the center of the cul-de-sac.
However, to provide adequate space for the landscape island the minimum radius is driven above
the recommended minimum radius. All else being equal, this might be considered an
environmental tradeoff. In fact, it is not. Section 8.1.18.1 (d) mandates a sloped granite curb
around the island and a convex grading of the island surface to prevent pooling of water in the
island. The convex grading adds runoff to the cul-de-sac and prevents the use of this feature as a
micro-level stormwater treatment device. Allowing concave grading of the island and inner-ring
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cul-de-sac grading towards island curb-cuts would allow the island landscape feature to act as a
stormwater treatment device as well as a an aesthetic landscape feature.
Principle #6 - Parking Ratios: Acton's principle score of 40% is well above the 27% historical
data average. However, under the revised screening criteria both disagree with the model
principle enough to be targeted for code and ordinance revision. Previous roundtable
recommendations for parking ratio code revision have included (Hoyt 2005):
" Required parking ratios should be enforced as both a minimum and maximum
" Any parking area in excess of the mandated ratio should be constructed using porous
technology
" Parking requirements based on floor area should be determined by the total gross floor
area of the use, excluding incidental storage, mechanical areas, preparation areas, and
additional common areas such as corridors, stairwells, and elevators.
Principle #7 - Parking Codes: Both Acton and most of the other communities completing the
COW have parking codes that score fairly low compared to the model principle. Acton permits a
reduction of the required number of parking spaces if a shared agreement is in place. However,
there is no active promotion for shared parking nor is there a boiler-plate agreement available
from the town. Acton regulators should promote the use of shared parking and provide guidance
on optimal sharing arrangements. Assistance with shared agreements could be provided by
making template model shared parking arrangements available to eligible candidates.
Principle #15 - Open Space Management: Acton's principle score of 50% lags the historical
comparative data set average of 63%. Mr. Tidman and Mr. Stamski provided the responses to
the five open space management questions. Currently, Acton's regulations mandate the
preservation of open space as percentage of the developed area and detail allowable uses of the
open space set-aside. Further, they allow third-party open-space managers. However, there is no
mandate to establish an association to manage the space after development. Further, there is no
requirement to keep a specified percentage of the open space in a natural condition. Use beyond
that prohibited by regulation is left up to the property owner. For the most part, Acton's open
space is currently being managed and the vast majority of this space has been left in a natural
condition.
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Principle #18 - Buffer Maintenance: Acton's 100% agreement with the model principle far
exceeded the 54% comparative average. Acton requires a fifty-foot "no-touch" buffer along
streams and along any designated wetland. The "no-touch" requirement ensures that the buffer is
maintained in its natural condition. No regulatory revision is recommended.
Principle #19 - Clearing and Grading: With a principle score of only 33% the Acton regulations
fall well short of the model principle. Further, they lag the 72% historical comparative average
for this principle. The Acton Subdivision regulations do not explicitly encourage preservation of
natural vegetation. The choice is left to the developer and land owner. This disagrees with the
model principle of directing preservation of natural vegetation to the maximum extend
practicable. Acton does not require reserve septic field areas to be cleared at the time of
development, which agrees with the model principle. However, Bruce Stamski reports that there
is no prohibition for early clearing. The practical result is that most developers clear the reserve
septic areas during initial development when it is most economical and they have easy access to
the area.
Principle #22 - Stormwater Outfalls: Due to the generic wording of the model principle Acton's
conventional BMP regulations receive full credit for agreement with the model outfall principle.
The historical comparative average is only 66%.
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IV. Discovery Museums Redevelopment
A. Background
The intent of the Discovery Museums' Phase II Low-Impact Development Design and
Monitoring project is to raise awareness of the groundwater crisis in the Assabet River watershed
and to use the Museum property as a practical demonstration of how stormwater can be managed
as a precious and vital asset instead of a temporary nuisance. By exposing children and their
parents to successful micro-level stormwater management practices, it is believed that they will
return to their homes and look for ways to replicate these practices on their own properties. The
site design also provides a solid foundation for a project nomination to compete for
Massachusetts Intel Corporation Assabet River Aquifer Recharge Project Grant funding.
B. Project Scope
The project seeks to satisfy three functional engineering objectives. The first objective is to
redevelop the site to consolidate its two existing parking lots into one larger lot with a small
satellite employee parking area. The project will also create a small outdoor amphitheater
teaching area in the rear of the museum. The second objective is to analyze the site's pre-
developed hydrologic condition and return the site to a hydrologic equivalent. The last objective
is to perform a pre and post-development runoff water quality analysis. Like any other
engineered or natural system, these objectives are closely tied to one another. As a result, design
decisions were made using an iterative process to optimize all three objectives.
C. Site Design
Existing Conditions
The Discovery Museums are located on a three-acre L-shaped lot in a primarily residential area
of Acton, Massachusetts. The site has a fairly steep slope from south to north with a small ridge
separating the site into two distinct sub-basins as illustrated in Figure 13. Runoff from sub-basin
#1 drains to the conservation area to the north. Sub-basin #1 runoff is primarily due to overland
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sheet and concentrated flow. There are no stormwater catchments or piped discharges on this
side of the site.
Legend
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Figure 13: Discovery Museums existing site layout
Runoff from sub-basin #2 drains towards Main Street. Catch basins located in the west parking
lot and at the bottom of the museum entrance driveway collect runoff from Sub-basin #2. The
catch basins are piped to a public storm-sewer in the street at the base of the entrance driveway.
The total paved and unpaved areas of the site are illustrated in Figure 14. There are currently
1.19 acres of paved surface, which represents approximately 39% of the total site area. There are
three main museum structures and two maintenance tool sheds. The impervious area created by
these structures totals 0.15 acres. The site is comprised of a Soil Conservation Service (SCS)
Group C soil. This soil type coupled with the wooded cover of a majority of the pervious
surfaces results in an SCS cure number (CN) of 73.
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Figure 14: Existing paved and unpaved surfaces
The perimeter of the site is outlined by a 2-ft-by-2-ft stone wall, which delineates the property
line. This method of property delineation is typical for the New England region.
East lot - The center median of the east parking area is approximately 0.52 acres of naturally
forested cover. The trees surrounding the lot and within the median area are a mixture of
deciduous and evergreen. The two tool-sheds and solid waste dumpster shown in Figure 15 are
located on the west side of the east lot median area. The east lot has seventy-one standard
parking spaces and one handicap space.
Figure 15: Discovery Museums tool and equipment sheds
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West lot - The west lot is comprised of three small parking cells with opposing peninsula garden
areas creating entrances to each cell. There are twenty-three standard spaces, two handicap
spaces, and three undesignated spaces in the cell closest to the Children's Museum structure. A
leach field supporting the Science Museum's septic system is located beneath the center parking
cell and extends into the entrance driveway. A 3,385 sf garden area with a small nature trail,
shown in Figure 16, forms the northeast boundary of the center and lower parking cells.
Figure 16: West lot garden and nature trail
The Science Museum building, shown in Figure 17 and located on the southern corner of the lot,
has a 3,600 square-foot footprint and a three-story front exposure. The structure is placed into a
hillside with a resulting two-story rear elevation. The floor plan of the museum's second level
includes a group meeting/classroom space with doors leading to an outdoor picnic area in the
back of the museum. There is also a third floor rear exit that steps out onto a 12-ft-by-12-ft
elevated deck.
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Figure 17: Children's Science Museum front elevation
The details of the rear teaching area are illustrated in Figure 18. The outdoor teaching area
ground surface is comprised of mulch, leaves, and pine needles. Impedance to groundwater flow
caused by the Science museum's foundation coupled with the property's group C soil results in
the rear picnic area being frequently saturated. The saturated ground conditions, inadequate drain
system, and absence of paved or hard surface limit or completely prohibit regular patron and
staff use of this area.
Figure 18: Discovery Science Museum rear teaching area
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Site Redevelopment
The EPA's Low-Impact Development Design Strategies manual was used to guide the Discovery
Museums site planning and design development. There are five major components of the LID
approach, which are illustrated in Figure 19 (PG County DER 2000). Four of the five major
components were addressed within the scope of the Discovery Museums redevelopment design.
The only component not specifically addressed is construction sediment and erosion control
(SEC). This is an important component, but does not have a major impact on the final design.
The construction/engineering firm chosen to perform the construction and site work will be
required to submit SEC plans and comply with the runoff and erosion control requirements
detailed in the Acton Subdivision Regulations.
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Figure 19: Low-Impact Development strategic approach diagram
The EPA LID design manual is primarily geared toward multi-lot subdivision development.
However, its concepts are easily refined and can be applied to lot-level application. Defining the
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development envelope is the first step of the redevelopment process. The Discovery Museums'
construction envelope is limited to the property plat. However, the hydrologic and water quality
analysis extends beyond the property line to include offsite contributive sources of runoff to the
museum property.
Site Planning- A comprehensive assessment of the site was performed to ensure all key site
features and characteristics were included in the final design decisions. Major components of the
site assessment include:
" Recording key topographic features
" Reviewing current utility and subsurface infrastructure
" Evaluating current site impervious surface area
" Assessing site impervious connectivity/continuity
" Identifying key landscape resources - trees, shrubs, soil, slopes, etc.
* Evaluating/quantifying key hydrologic functions for pre-developed and current site
conditions
" Identifying applicable zoning, land use, subdivision, and other local regulations
Numerous methods were used to complete the initial site assessment. Property plat and utility
drawings were obtained from town records. Engineering reports and drawings were acquired
from GeoSyntec Consultants who designed the Discovery Museums' first aquifer recharge
project. The Massachusetts Geographic Information System (MassGIS) database was used to
obtain land use information, topographic detail, and significant hydrologic detail for the
region. A survey was conducted, as shown in Figure 20 to collect key elevation and location
data. The Discovery Museums facilities director was also interviewed for historical data and
site maintenance information.
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Figure 20: Discovery Museums site survey
After compiling data collected in the site assessment, each of the three site redevelopment
areas was evaluated for potential design solutions. The goal of the entire project would be to
redevelop the site is such a way as to meet all of the functional engineering requirements as
well as return the site to as near a pre-developed hydrologic condition as reasonably
achievable. Departing from traditional form-follows-function design decisions, the LID
approach used micro-level hydrologic function as a lead for the engineering forms to be used
in the design. In essence, restoring the pre-developed hydrology became the lead objective
with the specific engineering designs utilized to meet this objective.
Regulatory requirements - performing construction and redevelopment at the site will require
conformance to current code and ordinance requirements. A number of features in the
existing site layout do not agree with current code and ordinance requirements. The
Discovery Museums meet the minimum number of parking spaces required for a public
educational facility, but many of the individual parking stall and maneuvering aisle widths
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fail to meet the dimensional requirements specified in Sections 6.5 and 6.6 of the Zoning
Bylaws. The site also has the proper number of standard handicap-accessible parking spaces
but does not conform to the van accessibility requirement and signage requirements specified
in the Architectural Access Board regulations (521 CMR 23.2.2, 23.4.6, and 23.4.7).
With the exception of the Zoning Bylaw Section 6.7.1 requirement to limit each parking cell
to a maximum of forty spaces, the proposed site design complies with all Zoning Bylaw
Section 6 parking standards. Strict adherence to a forty-space-per-cell maximum would
require the complete destruction of the east median. Further, a fully compliant east lot would
create difficult and potentially dangerous traffic patterns for the school bus traffic routinely
encountered at the Discovery Museums. Zoning Bylaw Section 6.2.3 includes a provision for
relief from parking regulations by special permit from the Board of Selectmen. It is believed
that significant consideration would be given to the hydrologic, ecologic, and aesthetic merits
of the proposed design in lieu of the site specific hazard that would be created by strict
adherence to the Section 6.7.1 requirement.
East lot - The east lot is reconfigured to absorb all of the displaced west lot spaces. The goal
of the reconfiguration is to reuse as much of the existing paved surfaces as practicable.
However, a portion of the forested center median must be cleared and paved to increase the
parking capacity of this lot and to do so in compliance with zoning bylaw dimension,
setback, and landscape requirements. The specific location of forested area clearance was
carefully selected to ensure preservation of the maximum amount of large and old growth
trees. Further, no rare or endangered flora or fauna are located in the proposed clearance area.
The final design layout for the east lot is shown in Figure 21.
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Figure 21: Proposed vs. existing lot layout
West lot - The majority of the existing east lot paved surface will be removed and replaced
with porous landscape. An illustrative design for the west lot area is provided below; final
detailed design would be needed prior to redevelopment of this part of the lot.
The hydrologic and water quality models completed as part of this project (Friedlich 2005,
Obeid 2005) treat this area as natural ground cover similar to ground cover on the rest of the
site. Specific LID treatment technologies have not been planned in this area due to the
wastewater leach field just below this area. The existing entrance shown in Figure 21 and a
small portion of the center parking cell will remain to provide employee parking and required
handicap parking for the Children's Museum.
Once the existing pavement is lifted, a landscape design option such as that shown in Figure
22 can be constructed in the upper cell of the existing lot. This design includes a small
playground area, a gazebo pavilion, and a picnic area.
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Figure 22: West lot landscape layout
All paved surfaces in the western cell (closest to the two Children's Museum structures) will
be lifted and replaced with porous pavers. A typical porous pave system is shown in Figure
23. It is engineered to provide a firm surface for pedestrian traffic and has a high hydraulic
conductivity to promote stormwater infiltration.
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Figure 23: Typical porous pave section
This type of paver system has also been shown to reduce phosphorous, nitrogen, and heavy
metal pollutant loads in surface runoff with an average efficiency of eighty percent for both
phosphorous and nitrogen and up to ninety percent for heavy metals (Georgia 2001). The
potential drawback to this system is increased maintenance as compared to standard
impervious concrete or asphalt. The pavers are also susceptible to clogging by particulate
matter such as fine sand and dirt. Care would have to be taken in winter months to ensure
that thawing agents such as rock-salt are used instead of sand.
The proposed design includes the use of thirty-foot street lamps for parking lot illumination.
It is understood that the Discovery Museums are typically open during daytime hours,
however, normal hours of operation also include periods of darkness during fall and winter
evenings. Illumination of the redeveloped lot will increase pedestrian safety in the low-light
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hours of operation. Architectural renderings of the proposed lot design are shown in Figure
24 and Figure 25.
Figure 24: The Discovery Museums aerial rendering
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Figure 25: The Discovery Museums east lot rendering
Road grade and curbing for both lots and the interior driveways will be constructed as shown
in Figure 26 (Wilmington 2005). Section 6 of Acton Zoning Bylaw paragraph 6.7.7 requires
the use of five-inch curbs around all landscape medians. The proposed design fulfills the curb
requirement, but includes curb-cuts to allow collected stormwater to enter the islands for
natural treatment and infiltration. Curb-cuts are installed on the east (high) side of the east lot
landscaped islands and along the lot's perimeter curbing. The west side curbs are continuous
to allow for ponding/storage on the low side of the islands. The inlet structure of the curb-cut
includes a gravel apron to prevent erosion and to radially disperse the flow. The gravel apron
also helps capture trash and debris before it is conveyed into the median or perimeter areas.
The east lot maneuvering aisles running parallel to the landscaped medians and lateral to the
topographic gradient will be constructed with a 2% slope graded toward the low side curb.
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The interior travel lane on the north side and the maneuvering aisle on the south side are
positioned perpendicular to the topographic slope and will have a 2% slope installed with the
crown placed along the centerline of their respective lanes.
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Figure 26: Curb and curb-cut section detail
Rear Teaching/Picnic Area - The museum staff expressed a strong desire to create a more
regularly usable space behind the Science Museum. The ground elevation at the base of the
rear staircase shown in Figure 18 is area is approximately eight feet below the southern
corner of the property and more than fifteen feet below offsite elevations to the south. The
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localized surface topography is mirrored in the subsurface groundwater table. This results in
a steep hydraulic gradient across the site causing groundwater to flow from south to north.
As a result, the water table may intercept the foundation of the Science Museum and natural
groundwater flow may be obstructed. The deepest penetration into the water table will occur
on the southern (rear) face of the foundation. If the foundation obstructs groundwater flow it
may cause a damming effect under the rear picnic area. The damming effect caused by the
building placement and the relatively low hydraulic conductivity of the area's category C soil
are the two most likely contributors to the soil saturation problem. The proposed design will
solve the drainage problem, improve the stability and quality of the ground surface, and
create an ideal outdoor teaching environment.
A highly conductive layer of compacted gravel will be used to channel obstructed
groundwater around the museum foundation. The gravel will intercept groundwater flowing
toward the building and channel it to either side of the foundation and down toward
structured rain gardens that are better equipped to move and store this water.
The compacted gravel layer will also serve as a structural sub-base for a gabion basket
retention wall shown in Figure 27. The retaining wall will serve two distinct purposes. The
first, and most obvious purpose, is to provide structural support and stabilization to the
upland soil. Second, the gabion basket wall will be positioned in a semi-circle around the
southern corner of the building to create a small outdoor amphitheater.
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Figure 27: Gabion basket retaining wall detail
The retaining wall will be limited to three feet four inches high but will require anchoring
into the hillside to prevent slippage. A traditional anchoring method would be to place
welded-wire-fabric (WWF) between the first and second course of baskets and extend it 2-3
times the baskets width into the hillside. Then, select fill would be placed and compacted on
the backside of the retention wall.
However, with only 17-20 feet between the Science Museum and the southwest property
line, traditional methods of retaining wall anchoring are not feasible. Further, a LID objective
is to limit clearing and grubbing of natural cover and soil. Therefore, the amphitheater's wall
will be anchored using a spiral nail anchor or commercial equivalent. These anchors are
installed using standard construction equipment and limit excavation to the face of the wall's
rear exposure. Once the nails are installed, the baskets are either welded or mechanically tied
to the nails.
Gabion basket systems have been used successfully for retaining walls, channel lining, and as
anchoring devices. Examples of installed gabion basket systems are shown in Figure 28
(Hilfiker 2004)
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Source: Hilfiker Retaining Walls < http://www.hilfiker.com/gabface/index.html>
Figure 28: Gabion basket retaining walls
A number of very site-specific conditions motivated the decision to use a gabion basket
system in lieu of more standard retaining wall materials. As previously discussed, this area is
in the presumed path of a relatively steep groundwater hydraulic gradient. Access to the area
for the purpose of construction is also somewhat constrained. Further, the SCS Group C soil
in the area has a relatively low permeability.
Given the aforementioned site-specific conditions, gabion baskets offer a number of
advantages that are not available using traditional materials and methods. Gabion baskets are
assembled on-site from WWF sheets that are manufactured for this specific application. The
baskets are filled with native flat or round stone. The baskets provide lateral support for the
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stone so there is no mortar used to bond the stones together. Once the baskets are assembled,
filled, welded/wired together, and anchored into the slope they have the retaining strength of
their concrete or timber counterparts, but also have the conductivity of loose stone. The four-
inch-thick concrete caps can be pre cast panels or cast in place. These panels serve only to
provide a comfortable, durable, and maintenance-free seating surface.
The amphitheater ground surface will be resurfaced using a porous paver system similar to
the west lot lower cell which is detailed in Figure 23. Architectural renderings of the area are
shown in Figure 29 and Figure 30.
Figure 29: Science Museum amphitheater west elevation
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Figure 30: Science Museum amphitheater east elevation
Hydrologic Assessment
Analysis Technique
The pre- and post-developed volume of runoff produced from the museum site is an important
factor in determining a comparative baseline and goal for the LID redevelopment design. Using
the property plat as a system boundary and stormwater as an input source, a water balance can be
constructed. There are three general paths of exit for stormwater entering the system boundary:
runoff, infiltration, and evapotranspiration. The previously stated hydrologic goal of the
redevelopment is to return the site to its original hydrologic function. Historic rainfall data is
used to examine the stormwater input to the system and is the same for pre- and post-
development analysis. The volume of runoff leaving the system boundary is a function of the
surface properties. The volume of stormwater that remains after runoff has left the site can then
infiltrate. In reality, there is a small portion of stormwater that will immediately evaporate from
the surface and not contribute to runoff or infiltration. Further, there will also be a small portion
of water that will be suspended at the surface in initial abstraction (IA). However, immediate
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evaporation represents only a small fraction of the input and water held in abstraction will
eventually leave the system through one of the three possible outlet paths
The National Resources Conservation Service (formerly the Soil Conservation Service or SCS)
developed a simple model for calculating runoff from the land surface that has become one of the
most widely used stormwater management tools. The SCS method uses a parameter called the
curve number (CN) and precipitation (P) to estimate runoff volume (Q). The CN accounts for the
hydrologic soil group as well as the surface cover type. CN values can be found in a number of
publications. Table 6 is an example of tabularized CN values for various surface cover types
(NRCS 1986).
Table 6: Example of an SCS curve number table
Table 2-2c Runoff curve numbers for other agjicultural lands ./
Cuve Munbers for
(over description --- hydrologic soil group
hydrologic
Cover type cOn(litilon A B C )
Pasture, grassland, or range-continuous Poor 68 79 86 89
forage for grazing, 2 Fair 49 69 79 84
Good 29 61 74 80
Meadow-continuious grass, protected from -- 5t 8 71 78
grazing and generally mowed for hay.
Brush-brush-weed-grass mixture with brush Poor 48 67 77 83
the major element. LY Fair 35 56 70 77
Gras) 301)A/ 48 65 73
Woods-grass combination (orchard Poor 57 7:1 82 86
or tree fari). V Fair 43 65 76 82
Good 32 58 72 79
Woods.,& Poor 45 66 77 82
Fair 13 60 73 79
Good 302 55 70 77
Farmsteads-ildlngs, ltes, hiveways, - 59 74 82 8
and surrounding lots.
Analysis of the Pre-Developed Site
The pre-developed condition of the site was assumed to be wooded. This assumption is based on
similar characteristics found in the undeveloped conservation area to the north of the museum
property. As previously stated in Part C of this report the site is comprised of an SCS Group C
soil. From Table 6 a curve number of 73 was assigned to the property. Using a 24-hour storm
with 10-year return period (the rainfall that occurs in a 24-hr period on average once every 10
years) as required by Acton Subdivision Regulations (Acton 2004b), the volume of
precipitation was calculated. For Acton, this equates to 4.25 inches of rain (Wilks 1993).
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Using this value, a curve number of 73, and the site's land area, the total predicted pre-
developed runoff volume is 540 m'.
Analysis of the Existing Site
The impervious paved and roofed surfaces that exist on the site today replace the pre-developed
pervious wooded surfaces. Because these new surface areas are virtually impervious, their
corresponding curve number is much higher than the pre-developed curve number. A curve
number of 98 is assigned to the roadways and roof areas of the developed site. Using a weighted
average based on surface area and curve number, a composite curve number of 85 is assigned to
the existing site. Table 7 (Brown et al. 2005) summarizes the pre-developed and existing
parameters.
Table 7: Pre-developed and current site conditions
Parameter Pre-Developed Existing
Surface Cover Fair Woods Fair Woods, Impervious Surface, Grass
% Imperviousness 0% 39%
Effective Curve Number 73 85
Soil Type C C
The site's runoff volume was further divided by separating the site's two sub-basins previously
shown in Figure 13. The site's total runoff was calculated by adding the runoff from each of the
two sub-basins. Table 8 summarizes the total runoff volume from the site given four different
storm events (Brown et al. 2005).
Table 8: Total runoff results for various design storms
Existing
Rainfall Event Rainfall (in) Pre-Developed Total Runoff (M) Total Runoff (M)
2 yr Rainfall Event 2.75 247 530
10 yr Rainfall Event 4.25 596 958
50 yr Rainfall Event 6.25 1150 1576
100 yr Rainfall Event 7.1 1402 1848
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The development of the site has had an appreciable effect on the runoff produced. The increase
in runoff causes an equally large loss in infiltration volume.
Analysis of the LID Design
Analysis of the pre-developed and existing site is a fairly straightforward procedure.
Implementation of LID technology at the site level makes performance analysis much more
difficult. The LID design breaks the site up into many small, but interconnected sub-basins. The
standard analysis methods used in the pre-developed and existing site analysis are not detailed
enough to capture the intricacies of the LID system dynamic.
To better model the complexity of the integrated LID approach, a visual basic (VBA) program
called Site Low-Impact Development Design Model (SLIDD) (Friedlich 2005) was written to
perform a dynamic flow balance encompassing all of the design's sub-basins and their associated
treatment devices. The program is based on the SCS curve number method, but uses time series
volume and routing methods for water balance calculations. Figure 31 (Brown et al. 2005) details
the SLIDD logic.
Sub-Areas (Non-Rain Rain Gardens
Gardens)
Volume of Volume Routed
Direct Runoff to Rain Gardens l' Storage
Total Site Overflow from Evaporated and
Runoff Rain Gardens Infiltrated Water
Figure 31: Interaction between sub-areas and rain gardens in SLIDD
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Comparison of the Pre-Developed, Existing, and LID-Designed Site
After designing the LID site-level integrated management treatment devices and analyzing
overall site performance using SLIDD, the results for the three different site development
scenarios were compared.
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Figure 32: Bar chart of results based on 10-year design storm
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Figure 33: Runoff hydrographs for the entire site for 10-year design storm
65
Figure 32 (Brown et al. 2005) shows a dramatic reduction in site runoff that is achieved using
the LID approach. The LID design returns the site runoff volume to nearly a pre-developed level.
Therefore, it also increases infiltration volume an equivalent amount. Figure 33 (Brown et al.
2005) demonstrates that the LID approach also succeeds in managing peak runoff rate. The LID
design has the same peak rate as the pre-developed site.
Runoff Water Quality Analysis
Water Quality Analytical Approach
The runoff water quality analysis uses the same strategic approach as the hydrologic analysis.
The site will be analyzed for pre-development, existing, and LID-designed. Again, the goal of
the LID-design is to return the site to a pre-developed condition. The water quality analysis
makes use of the P8 Urban Catchment Model (Palmstrom and Walker 1990) which is widely
used for modeling nonpoint source pollution. The program uses continuous water-balance and
mass-balance calculations to predict the generation and transport of pollutants (Brown et al.
2005).
There are number of pollutant components that are found in typical urban runoff. Potential
pollutants include phosphorous, nitrogen, hydrocarbon species, metals, and suspended solids. For
the purposes of this analysis, phosphorous levels were modeled because it is a major contributor
to stream impairment and eutrophication of the Assabet River (ENSR 2001). Returning the site's
runoff phosphorous load to a pre-developed condition will provide the downgradient receiving
water(s) relief from the reduced dissolved oxygen levels cause by phosphorous-enabled algal
bloom.
Water Quality Results
From a water quality treatment perspective the pre-developed and existing site conditions are
equivalent. The pre-developed site had no engineered water quality treatment systems and the
existing site's use of conventional collect-and-convey sewering provides no treatment either. As
such, the total phosphorous entering either system is assumed to be the same as the load leaving
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the system. There is, however, a difference between the two scenarios in the total phosphorous
load. The development of just about any site brings with it a corresponding increase in
phosphorous load due to the introduction of new phosphorous sources (e.g. landscape fertilizers
and detergents). For the Discovery Museums the estimated pre-development and existing
phosphorous loads are 34 pounds and 64 pounds respectively. With no treatment devices, the
entire phosphorous load is available for dissolution and runoff.
In contrast, the use of LID technologies such as rain gardens introduces phosphorous consuming
devices. The effect on phosphorous removal by routing site runoff through engineering rain
gardens is dramatic. Figure 34 shows a comparison of the estimated inflow loads to the site. The
current and proposed sites have similarly elevated phosphorous loads compared to the pre-
developed site which is attributable to equivalent anthropogenic impacts levels (Brown et al.
2005).
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Figure 34: Comparison of TP inflows for three site conditions
The input loads to both developed scenarios are approximately the same, but Figure 35 shows
that the output loads are strikingly different. The use of phosphorous consuming vegetation in
the proposed LID redevelopment plan reduces outflow loading from 65 pounds to 18 pounds
with a corresponding removal efficiency of 72% (Brown et al. 2005).
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Figure 35: Comparison of TP outflows from each of the three site designs
Redevelopment Construction Cost Estimate
The R.S. Means Heavy Construction Cost Data manual was used to develop a relative scoping
estimate for the proposed design (Means 2004). A breakdown of the estimate is provided in
Appendix B. The estimate is based on a number of assumptions that impact the overall project
price. The actual cost of the project will be highly dependent of the method of execution, the
contracting vehicle used, contractor chosen, construction sequencing, and other miscellaneous
variables (e.g. time of year, availability of materials, etc.).
The scoping estimate assumes the project is awarded to a single contractor who will serve as the
prime contractor over at least two sub-contractors. The estimate also assumes that the project
scope includes all items of work included in the proposed design. Segmenting the design into
smaller discrete projects is likely to drive overall project costs higher.
The total cost to change the Discovery Museums from its existing condition and functional
layout to the proposed layout is approximately one million dollars. Salvaging existing pavement
would reduce the demolition and construction cost of new pavement, but may also create greater
maintenance costs in the future. Additionally, cleared hardwood from the northwest median area
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is a valuable resource, which can be used to negotiate down the price of clearing, grubbing, and
possibly site grading.
It is recommended that the Discovery Museums promote the project as an advertisement for the
contractors performing the construction. Similar to GeoSyntec Consultants' inclusion on the
Phase I placard (Figure 2), the participating contractors could have their company name included
in signage and placards describing the project and individual treatment areas. Inclusion on the
project's placard could be an incentive for contractors to perform the work at prices lower than
their traditional rates.
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V. Conclusions and Recommendations
A. Conclusions
The Massachusetts Department of Environmental Protection (MDEP) lists the Assabet River
under the 1998 303(d) Massachusetts Integrated List of Waters as impaired primarily for
nutrients and low dissolved oxygen (MDEP 1999). The Assabet River receives an excess of
phosphorus and nitrogen loading which results in excessive algal and plant growth and
eutrophication. The town of Acton, Massachusetts, is part of the Assabet River watershed and
derives its drinking water supply solely from groundwater. Over the years, increased land
development has resulted in the creation of impervious areas which have decreased the amount
of water that infiltrates and replenishes groundwater. Reduced infiltration compounded by
groundwater extraction has diminished the baseflow to the Assabet River. This has worsened the
water quality because there is less inflow to dilute the pollutants. Additionally, conventional
stormwater management systems have amplified the problem of decreased aquifer recharge,
baseflow, and poor water quality. These systems were designed with a primary objective of
quickly removing runoff from streets and sidewalks. Several methods have been employed to
serve this objective including storm sewers, curbs, and gutters.
The conventional approach controls peak flow resulting from storm events. However, the total
volume of runoff is not controlled, resulting in increased flooding downstream and decreased
aquifer recharge. In addition, runoff controlled by traditional BMPs often is discharged directly
to streams or other water bodies. Urban runoff contains pollutants such as suspended solids,
nutrients, toxics, and bacteria. Sources of these pollutants include grass clippings, eroded soil,
fertilizer, oil and gasoline drippings, animal droppings, and atmospheric deposition. As a result
of urbanization and deficiencies in conventional stormwater management, Low Impact
Development (LID) has emerged as an effort to mitigate these adverse effects. (Sykes 1998)
LID is an innovative approach to stormwater management with a basic principle that is modeled
after nature: manage rainfall at the source using uniformly distributed micro-scale controls. The
goal of LID is to mimic a site's pre-development hydrology. This is accomplished using design
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techniques that infiltrate, filter, store, evaporate, and detain runoff close to its source. This
decreases pollutant concentrations through filtration, biodegradation, and other natural processes
However, implementing LID may be difficult. Many zoning bylaws and subdivision regulations
prescribe the use of conventional stormwater management components and/or methodologies.
As a consequence the use of LID strategies has not found a means for widespread
implementation.
Recognizing the limitations that code and ordinances place on stormwater management
alternatives is the first step in moving to LID. The next step is to bring in a core group of
regulators, developers, environmentalists, and citizens for a comprehensive roundtable review of
all applicable documentation, directives, and requirements that dictate how development is
executed. Bringing in all of the stakeholders in the developmental process will help to bring
forward conflicting guidance and objectives. Using tools such as the CWP COW can help to
establish a baseline for comparison and a starting point for regulatory revision. Tapping into the
CWP will also allow Acton to use all of the lessons learned in other communities that have
already begun the revision process.
Recent research and implementation data for LID have typically focused on sub-division scale
development using lot-level management strategies. Abruptly shifting from conventional
methods to the LID approach at this level is difficult for many regulators to accept at this early
stage. The Discovery Museums' project provides a unique opportunity to evaluate the
performance of integrated LID technologies on a lot level under hydrologic challenges that
would be formidable for even conventional stormwater management methods. If stormwater can
be managed at the lot level, then the additive effect of these micro-level management systems
becomes a macro-level program.
The Discovery Museums' property has dramatic elevation changes, which results in high surface
angles and limited depressive storage capacity. The site also has SCS Hydrologic Group C soil
that limits the percolation rate to approximately 0.27 inches per hour. Last, the development
envelope is limited to the property plat. The challenge was to fit all of the engineering objectives,
LID stormwater BMPs, and landscape features within the building envelope. Further, an
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additional goal of LID and this project was to minimize clearing of naturally forested areas and
reduce compaction of natural soils.
The proposed site design meets all of the desired functional engineering objectives and does so
in a way that returns the site to pre-developed hydrologic and water quality condition. This
project succeeds in proving that LID is a viable functional management alternative to
conventional stormwater management methods. The proposed design protects the Discovery
Museums from flooding, controls the peak discharge, optimizes infiltrative recharge close to the
source, and reduces pollutant loading below pre-developed levels. In its simplest form the
Discovery Museums project is just an ordinary engineering task to increase the parking capacity.
However, it also proves that the integration of stormwater management (like LID) into the design
objective is feasible. Further, impacts on the natural ecology can be minimized by using a
holistic design approach.
B. Recommendations
Acton's COW results show that their existing regulations are slightly more in line with the
CWP's twenty-two model development principles then the other 18 communities examined.
However, it is also clear that there are a number of potential changes that could be made to their
existing regulations that would encourage the use of LID in lieu of conventional collect-and-
convey stormwater methods. Significant effort should be focused on improving their code and
ordinances relating to residential streets and parking lots (COW Principles 1-10).
It is highly recommended that Acton conduct a site planning roundtable to perform an extensive
review of their regulations. The outcome of the roundtable should be a consensus agreement and
code and ordinance revision recommendations that are endorsed by all of the stakeholders. The
roundtable will also allow participants to not only learn about the other stakeholder's issues, but
also teach the others about their particular concerns. Last, data and knowledge that are collected
from an Acton roundtable can be added to CWP's growing inventory of research and
information.
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Last, it is recommended that the Acton town leadership assist the Discovery Museums in pursuit
of their redevelopment plan. A redeveloped museum site would provide an invaluable
stormwater/water resource education center for the town and could also serve as a field
monitoring/testing site for LID technologies.
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Appendix A.
CODE AND ORDINANCE WORKSHEET
ACTON, MASSACHUSETTS
March 17, 2005
Completed by:
Bruce Stamski, P.E., Town Engineer/Director of Public Works
Corey York, Engineer
Tom Tidman, Director Natural Resources
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0
0
0
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Results Summary
Raw Possible Principle Section Score Section Total
Principle # Score Score Deficiency % (SS) Deficiency Deficiency
(RS) (PS) (PD) (SD) (TD)
1 4 7 3 57% 8% 3%
2 1 1 0 100% 0% 0%
3 4 4 0 100% 0% 0%
4 2 5 3 40% 8% 3%
5 0 4 4 0% 10% 4%
6 2 5 -3 40% 8% 3%
7 1 4 3 25% 8% 3%
8 5< 4 20% 10% 4%
9 0 1 1 0% 3% 1%
10 4 4 0 100% 48% 0% 0%
11 8 8 0 100% 0% 0%
12 2 6~4 ~~ 11% 4%
~_1~3 2~5 6 3.5 4Z% 10% 4%
14 6 6 0 100% 0% 0%
15 3 6 3 50% 8% 3%
16 4 4 0 100% 71% 0% 0%
17 3 4 1 75% 4% 1%
18 4 4 0 100% 0% 0%
19 1 3 2 33% 8% 2%
20 3 3 0 100% 0% 0%
21 0 4 4 0% 17% 4%
22 6 6 0 100% 71% 0% 0%
Composit Score 62%
Section Deficiency (SD): Indicates individual principle's contribution to the section deficiency.
Where: SD = PD/STA
With: PD = Principle deficiency
STA = Section total available
Total Deficiency (TD): Indicates individual principle's contribution to the overall deficiency.
Where: TD = PD/TA
With: PD = Principle deficiency
TA = Total points available (100)
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1. Street Width
What is the minimum pavement width allowed for streets in low density residential
developments that have less than 500 daily trips (ADT)?
If your answer is between 18-22 feet, give yourself 4 points -
At higher densities are parking lanes allowed to also serve as traffic lanes
(i.e., queuing streets)?
If your answer is YES, give yourself 3 points
2__ feet
Notes on Street Width (include source documentation such as name of document, section and page #):
Sub Division Regulations
2. Street Length
Do street standards promote the most efficient street layouts that reduce overall
street length?
If your answer is YES, give yourself 1 point
Notes on Street Length (include source documentation such as name of document, section and page #)
Sub Division Regulations
3. Right-of-Way Width
What is the minimum right of way (ROW) width for a residential street?
If your answer is less than 45 feet, give yourself 3 points
Does the code allow utilities to be placed under the paved section of the ROV7
If your answer is YES, give yourself 1 point - -
Notes on ROW Width (include source documentation such as name of document, section and page #)
Sub Division Regulations: Water and sewer lines may be placed under road surface.
4. Cul-de-Sacs
What is the minimum radius allowed for cul-de-sacs? 5j feet
If your answer is less than 35 feet, give yourself 3 points -
If your answer is 36 feet to 45 feet, give yourself I point
Can a landscaped island be created within the cul-de-sac?
If your answer is YES, give yourself I point - -
Are alternative turnarounds such as "hammerheads" allowed on short streets in low YE
density residential developments?
If your answer is YES, give yourself 1 point
Notes on Cul-de-Sacs (include source documentation such as name of document, section and page #):
Sub Division Regulations
Code and Ordinance Worksheet Subtotal Page 1
-I-
80
5. Vegetated Open Channels
Are curb and gutters required for most residential street sections?
If your answer is NO, give yourself 2 points - * m ii
Are there established design criteria for swales that can provide stormwater NOquality treatment (i.e., dry swales, biofilters, or grass swales)?
If your answer is YES, give yourseff 2 points - - I
Notes on Vegetated Open Channel (include source documentation such as name of document section and page #)
6. Parking Ratios
What is the minimum parking ratio for a professional office building 41ZIspaces
(per 1000 ft2 of gross floor area)?
If your answer is less than 3.0 spaces, give yourself I point - -
What is the minimum required parking ratio for shopping centers spaces(per 1,000 ft2 gross floor area)?
If your answer is 4.5 spaces or less, give yourself I point -
What is the minimum required parking ratio for single family homes (per home)? spaces
If your answer is less than or equal to 2.0 spaces, give yourself 1 point - -
Are your parking requirements set as maximum or median (rather than minimum) NO
requirements?
If your answer is YES, give yourself 2 points - - 0
Notes on Parking Ratios (include source documentation such as name of document, section and page #)
7. Parking Codes
Is the use of shared parking arrangements promoted? NO
If your answer is YES, give yourself I point - - 0
Are model shared parking agreements provided?
If your answer is YES, give yourself I point - -
Are parking ratios reduced if shared parking arrangements are in place? YES
If your answer is YES, give yourself 1 point -12111
If mass transit is provided nearby, is the parking ratio reduced?
If your answer is YES, give yourself I point - - 0
Notes on Parking Codes (include source documentation such as name of document, section and page #)
Cormmuter rail station serves many
Code and Ordinance Worksheet Subtotal Page 2
-2-
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8. Parking Lots
What is the minimum stall width for a standard parking space?
If your answer is 9 feet or less, give yourself 1 point -
What is the minimum stall length for a standard parking space?
If your answer is 18 feet or less, give yourself 1 point - -
Are at least 30% of the spaces at larger commercial parking lots required to have
smaller dimensions for compact cars?
If your answer is YES, give yourself I point
___ _ 5 feet
Can pervious materials be used for spillover parking areas?
If your answer is YES, give yourself 2 points
Notes on Parking Lots (include source documentation such as name of document, section and page #):
Zo Regs. Compact spaces permitted but not mandated. # of Compact NTE to 30%. Pervious systems permitted for pdestrian areas.
9. Structured Parking
Are there any incentives to developers to provide parking within garages rather than NO
surface parking lots?
If your answer is YES, give yourself I point - -
Notes on Structured Parking (include source documentation such as name of document, section and page #)
No incentives provided, but no prohibitions for use.
10. Parking Lot Runoff
Is a minimum percentage of a parking lot required to be landscaped?
If your answer is YES, give yourself 2 points - -
Is the use of bioretention islands and other stormwater practices within landscaped
areas or setbacks allowed?
If your answer is YES, give yourself 2 points - -
Notes on Parking Lot Runoff (include source documentation such as name of document, section and page #):
Zonin Regulations. Min 10 ft landscaped buffer required around parking area and island medians. No regulatory prohibition for bioretention cells
Code and Ordinance Worksheet Subtotal Page 3 5
-3-
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11. Open Space Design
Are open space or cluster development designs allowed in the community?
If your answer is YES, give yourself 3 points
If your answer is NO, skip to question No. 12
Is land conservation or impervious cover reduction a major goal or objective of the YES
open space design ordinance?
If your answer is YES, give yourself I point -
Are the submittal or review requirements for open space design greater than
those for conventional development?
If your answer is NO, give yourself I point
Is open space or cluster design a by-right form of development? YE7
If your answer is YES, give yourself I point
Are flexible site design criteria available for developers that utilize open space or YES
cluster design options (e.g., setbacks, road widths, lot sizes)
If your answer is YES, give yourself 2 points -
Notes on Open Space Design (include source documentation such as name of document, section and page #):
Subdivision Regulations
Code and Ordinance Worksheet Subtotal Page 4 8
-4-
* * Time to Assess: Principles 1 - 10 focused on the codes, ordinances, and standards that determine the
size, shape, and construction of parking lots, roadways, and driveways in the suburban landscape. There were a total of
40 points available for Principles 1 - 10. What was your total score?
Subtotal Page 1 + Subtotal Page 2 + Subtotal Page 3 =19
Where were your codes and ordinances most in line with the principles? What codes and ordinances are potential
impediments to better development?
12. Setbacks and Frontages
Are irregular lot shapes (e.g., pie-shaped, flag lots) allowed in the community?
If your answer is YES, give yourself I point - -
What is the minimum requirement for front setbacks for a one half (/) acre
residential lot?
If your answer is 20 feet or less, give yourself I point -
What is the minimum requirement for rear setbacks for a one half (/) acre
residential lot?
If your answer is 25 feet or less, give yourself I point -
What is the minimum requirement for side setbacks for a one half (/) acre
residential lot?
If your answer is 8 feet or less, give yourself I points
What is the minimum frontage distance for a one half (%) acre residential lot?
If your answer is less than 80 feet, give yourself 2 points -
Notes on Setback and Frontages (include source documentation such as name of document,
feet
feet
f00 eet
section and page #):
lExceptions may be granted for reduced frontage distance
13. Sidewalks
What is the minimum sidewalk width allowed in the community? feet
If your answer is 4 feet or less, give yourself 2 points - -
Are sidewalks always required on both sides of residential streets? NO
If your answer is NO, give yourself 2 points - 2
Are sidewalks generally sloped so they drain to the front yard rather than the NI
street?
If your answer is YES, give yourself I point - -
Can alternate pedestrian networks be substituted for sidewalks ____
(e.g., trails through common areas)?
If your answer is YES, give yourself I point - -
Notes on Sidewalks (include source documentation such as name of document, section and page #):
0.5 points given in total. Sidewalks typically slope toward the street. However, most areas contain landscaped buffer strips between walk and
14. Driveways
What is the minimum driveway width specified in the community?
If your answer is 9 feet or less (one lane) or 18 feet (two lanes), give yourself 2
points -
Code and Ordinance Worksheet Subtotal Page 5
. feet
-5-
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Can pervious materials be used for single family home driveways [YES
(e.g., grass, gravel, porous pavers, etc)?
If your answer is YES, give yourself 2 points - -
Can a 'two track" design be used at single family driveways? YES
If your answer is YES, give yourself 1 point -_ _
Are shared driveways permitted in residential developments? _ _ _ _
If your answer is YES, give yourseff I point -_-
Notes on Driveways (include source documentation such as name of document, section and page #):
Sub Division Regulations
15. Open Space Management
Skip to question 16 if open space, cluster, or conservation developments are not allowed in your community
Does the community have enforceable requirements to establish associations that 1NO
can effectively manage open space?
If your answer is YES, give yourself 2 points I
Are open space areas required to be consolidated into larger units? YES
If your answer is YES, give yourself 1 point - -
Does a minimum percentage of open space have to be managed in a natural
condition?
If your answer is YES, give yourself I point
Are allowable and unallowable uses for open space in residential developments
defined?_____
If your answer is YES, give yourself I point
Can open space be managed by a third party using land trusts or conservation
easements?
If your answer is YES, give yourself 1 point--
Notes on Open Space Management (include source documentation such as name of document section and page #)
Open space management is left to the users discretion, but must remain as open space
16. Rooftop Runoff
Can rooftop runoff be discharged to yard areas? I
If your answer is YES, give yourself 2 points -2
Do current grading or drainage requirements allow for temporary ponding of
stormwater on front yards or rooftops?
If your answer is YES, give yourself 2 points Z 
Notes on Rooftop Runoff (include source documentation such as name of document section and page
Code and Ordinance Worksheet Subtotal Page 6
-6-
~~1
17. Buffer Systems
Is there a stream buffer ordinance in the community? YES
If your answer is YES, give yourself 2 points 2
If so, what is the minimum buffer width? feet
If your answer is 75 feet or more, give yourself 1 point
Is expansion of the buffer to include freshwater wetlands, steep slopes or the 100-
year floodplain required?
If your answer is YES, give yourself I point -
Notes on Buffer Systems (include source documentation such as name of document, section and page #):
State wetland Protection Act and Rivers Protection Act are the basis for Acton buffer system regulations
18. Buffer Maintenance
If you do not have stream buffer requirements in your community, skip to question No. 19
Does the stream buffer ordinance specify that at least part of the stream buffer be
maintained with native vegetation?
If your answer is YES, give yourself 2 points -
Does the stream buffer ordinance outline allowable uses?
If your answer is YES, give yourself I point
Code and Ordinance Worksheet Subtotal Page 7 6
U -7-
* * Time to Assess: Principles 11 through 16 focused on the regulations which determine lot size, lot shape,
housing density, and the overall design and appearance of our neighborhoods. There were a total of 36 points available
for Principles 11 - 16. What was your total score?
Subtotal Page 4 1+ Subtotal Page 5 W + Subtotal Page 6 l
A'here were your codes and ordinances most in line with the principles? What codes and ordinances are potential
impediments to better development?
~1
Does the ordinance specify enforcement and education mechanisms?
If your answer is YES, give yourself 1 point -
Notes on Buffer Systems (include source documentation such as name of document, section and page #):
Stream buffer has 50' no-touch limit
19. Clearing and Grading
Is there any ordinance that requires or encourages the preservation of natural
vegetation at residential development sites?
If your answer is YES, give yourself 2 points - 0
Do reserve septic field areas need to be cleared of trees at the time of NOdevelopment?
If your answer is NO, give yourself I point - -
Notes on Buffer Maintenance (include source documentation such as name of document, section and page #)
Reserve septic areas do not need to be cleared, but will usually be cleared for practical application
20. Tree Conservation
If forests or specimen trees are present at residential development sites, does
some of the stand have to be preserved?
If your answer is YES, give yourself 2 points - -
Are the limits of disturbance shown on construction plans adequate for preventing YES
clearing of natural vegetative cover during construction?
If your answer is YES, give yourself 1 point - -
Notes on Tree Conservation (include source documentation such as name of document, section and page #)
Specimen tree preservation is negotiated with developer
21. Land Conservation Incentives
Are there any incentives to developers or landowners to conserve non-regulated NO
land (open space design, density bonuses, stormwater credits or lower property tax
rates)?
If your answer is YES, give yourself 2 points - L
Is flexibility to meet regulatory or conservation restrictions (density compensation,
buffer averaging, transferable development rights, off-site mitigation) offered to INO
developers?
If your answer is YES, give yourself 2 points- 0
Notes on Land Cons. Incentives (include source documentation such as name of document, section and page #
Subdivision Regulations do not provide specific incentives
Code and Ordinance Worksheet Subtotal Page 8 rn
-8-
22. Stormwater Outfalls
Is stormwater required to be treated for quality before it is discharged?
If your answer is YES, give yourself 2 points "
Are there effective design criteria for stormwater best management practices
(BMPs)?
If your answer is YES, give yourself I point*
Can stormwater be directly discharges into a jurisdictional wetland without
pretreatment?
If your answer is NO, give yourself I point
Does a floodplain management ordinance that restricts or prohibits development
within the 100-year floodplain exist?
If your answer is YES, give yourself 2 points*
on Stormwater Outfalls (include source documentation such as name of document, section
Code and Ordinance Worksheet Subtotal Page 9 6
To determine final score, add up subtotal from each * ime to Assess
Principles 1 - 10 (Page 4)
Principles 11 - 16 (Page 7)
Principles 17 - 22 (Page 9)
TOTAL 62
-9-
Notes and page #):
* * Time to Assess: Principles 17 through 22 addressed the codes and ordinances that promote (or
impede) protection of existing natural areas and incorporation of open spaces into new development. There were a
total of 24 points available for Principles 17 - 22. What was your total score?
Subtotal Page 7 E ,Subtotal Page 8 W Subtotal Page 9 El
Where were your codes and ordinances most in line with the principles? What codes and ordinances are potential
impediments to better development?
r-
19
26
17
Your Community's Score
90- 100 * *Congratulations! Your community is a real leader in protecting streams, lakes, andestuaries. Keep up the good work.
80 - 89 * *Your local development rules are pretty good, but could use some tweaking in someareas.
79 - 70 * * Significant opportunities exist to improve your development rules. Consider creating
a site planning roundtable.
60 - 69 * 0Development rules are inadequate to protect your local aquatic resources. A siteplanning roundtable would be very useful.
less than 60 0 0 Your development rules definitely are not environmentally friendly. Serious reformof the development rules is needed.
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Appendix B.
Project Cost Estimate
ESTIMATE FOR CONTRACT WORK DATE: 04/01/05
CONTRACT TITLE: sITE UD REDEVELOPMENT CONTRACT NO: I
CUSTOMER OFFICE: Discovery Museums
Acton, MA
DESCRIPTION: SITE LID REDEVELOPMENT
Request for Change I NA
Repair or Minor Construction
PRIME CONTRACTOR'S WORK Revisions
1. Direct Materials
2. Sales Tax on materials 5.QQ% of line 1 5.00%
3. Direct Labor
4. Insurance Taxes & Frin e Benefits 25.00% of line 3 25.00%
5. Rental E ul ment
6. Sales Tax on Rental E ui ment 500% of line 5 5.00%
7. E ui ment Ownershi /O eratin Ex enses
8. SUBTOTAL Add Lines 1-7
9. Field Overhead Dail Rate 8.Q0% of line 8 8.00%
10. SUBTOTAL (Add Lines 8 & 9)
SUMMARY
11. Prime Contractor's Work From Line 10
12. Total of All Subcontractor's Work See Backup* 828,573.69
13. SUBTOTAL Add Lines 11 and 12 828,573.69
14. Prime Overhead on Subcontractor's Work 5.00% of line 12 5.00% 41 428.68
15. Prime's Home Office Overhead 10.00% of line 11 10.00%
16. Other Cit /State Char es, etc.
17. Prime's Profit 10.00% of line 13 10.00% 82857.37
18. SUBTOTAL Add Lines 13-17 952,859.75
19. Prime Contractor's Bond Premium 1.00% of line 18 1.00% 9528.60
20. Other ravel, etc.
21. TOTAL COST (Add Lines 18-20) 962,388.35
Estimated Time Extension and Justification: days
Estimator's Comments:
Prime Contractor TBD
Signature & Title of preparer Date:
I of 6
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All contract work proposals shall be addressed to the Customer. Proposals must clearly state the conditions and scope of the work and shall be accompanied by a breakdown of cost as
ndicated. Lump sum costs will not be accepted in either the prime or sub-contractors breakdown of direct cost the total cost for labor, material, and equipment rental (or ownership) for each
item shall be transferred to the corresponding item on the front of this form the contractor shall not proceed with any of the work prior to raceipt of an executed contract
BREAKDOWN OF DIRECT COSTS
TBD
Contract No. I
PC# N/A
ITEMSOFWORK QTY UNIT MATERIAL LABOR RENTAL EQUIPMENT
Una Cost Total Cost UnitCost Total Cost Days Rate Total Cost
DIRECT Prime Contractor's Totals R Total (Rental)
o Total (Owned)
2 of 6
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Date 04/01/05
Ifwain ul!V UV r i y .~......... VNT 9 VNrURU I A 1VV A
3 of 6
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ESTIMATE FOR CONTRACT WORK DATE: 1-Apr-05
CONTRACT TITLE: SITE LID REDEVELOPMENT CONTRACT:1
CUSTOMER OFFICE: Discovery Museums
Acton, MA
DESCRIPTION: Demo and site work
Request for Change I N/A
Repair or Minor Construction
SUB-CONTRACTOR'S WORK Revisions
1. Direct Materials 29310.00
2. Sales Tax on materials 5.00% of line 1 5.00% 1465.50
3. Direct Labor 19652.00
4. Insurance, Taxes, & Fringe Benefits 25.00% of line 3 25.00% 4913.00
5. Rental Equipment 15076.00
6. Sales Tax on Rental E ui ment 5.00% of line 5 5.00% 753.80
7. E ui ment Ownershi /O eratin Ex enses
8. SUBTOTAL Add Lines 1-7 71170.30
9. Field Overhead 8.00% of line 8 8.00% 5693.62
10. SUBTOTAL Add Lines 8 & 9 76863.92
11. Lower Tier Subcontractors Work If A licable
12. SUBTOTAL Add Lines 10 and 117
13. Subs Overhead on Lower Tier Subs Work I of line 11
14. Home Office Overhead 10.00% of line 10 10.00% 7,686.39
15. Other Ci /State Char es, etc.
16. Profit I10._QO% of line 12 10.00% 7 686.3
17. SUBTOTAL (Add Lines 12-16) 92,236.71
18. Subcontractor's Bond Premium 1.00% of line 17 1.00% 922.37
20. Other ravel, etc.
21. SUBTOTAL COST (Add Lines 17-19) 93,159.08
Subcontractor's Comments:
Subcontractor's Name: Site work and Demo contractor
Parent Cortractor's Name: TBD
Signature & Title of preparer Date: 04/01/05
INSTRUCTIONS FOR PREPARING ESTIMATE FOR CONTRACT WORK
All contract work proposals shall be addressed to the Customer Proposals must clearly state the conditions and scope of the work and shall be accompanied by a breakdown of cost, as
indicated Lump sum costs will not be accepted in either the prime or sub-contractors breakdown of direct cost the total cost for labor. maternal, and equipment rental (or ownership) for each
item shall be transferred to the corresponding item on the front of this form the contractor shell not proceed with any of the work pror to receipt of an executed contract
BREAKDOWN OF DIRECT COSTS Contract No. 1 Date 4/112005
PCe N/A
ITEMS OF WORK QTY UNIT MATERIAL LABOR RENTAL EQUIPMENT
Unit Cost Total Cost Unit Cost Total Cost 0 Days Rate Total Cost
5050 Demo Existing Pavement 13 day $ 1,234 00 $16,042.00 13 $ 852.00 $ 11.076.00
02230 B1 OM cra- Site clear and grub 3 day $ 375.00 $ 1125.00 3 $ 1,10000 $ 3,300.00
Mobilization I day $ 40000 $ 400.00 1 $ 200.00 $ 20000
Construction fence and SEC 1500 If $ 3.54 $ 5,310.00 $ 1 39 $ 2,065.00 2 $ 250.00 $ 50000
Asphalt Disposal 1500 ton $ 16.00 $ 24,000 00
DIRECT SubContractor's Totals $29,3100 $ 19,65200 R Total Rental) $15076.00
FOR: TBD 0 Total (Owned)
4 of 6
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ESTIMATE FOR CONTRACT WORK DATE:
CONTRACT TITLE: SrrE UD REDEVELOPMENT CONTRACT:1
ROICC OFFICE: Discovery Museums
Acton, MA
DESCRIPTION: Pave, Gabion, Lamps, & Landscaping
Request for Change S NA
Repair or Minor Construction
SUB-CONTRACTORS WORK Revisions
1. Direct Materials 230336.68
2. Sales Tax on materials . ofline 1 5.00% 11516.83
3. Direct Labor 202609.84
4. Insurance, Taxes, & Frin e Benefits 25.00% ofline 3 25.00% 50652.46
5. Rental E ui ment 63538.50
6. Sales Tax on Rental E ui ment 5.00% of line 5 5.00% 3176.93
7. E ui ment Ownershi /O eratin Ex enses
B. SUBTOTAL Add Lines 1-7 561831.24
9. Field Overhead 8 00% of line 8 8.00% 44946.50
10. SUBTOTAL (Add Lines 8 & 9) 606777.74
11. Lower Tier Subcontractors Work (If Aplicable
12. SUBTOTAL Add Lines 10 and 11
13. Subs Overhead on Lower Tier Subs Work (' - of line 11
14. Home Office Overhead 1000% of line 10 10.00% 60,677.77
15. Other Cit /State Char es etc.
16. Profit 10.00% of line 12 10.00%l 60,677.77
17. SUBTOTAL Add Lines 12-16 728,133
10. Subcontractor's Bond Premium 1.00% ofline 17 1.00% 7,281.33
20. Other (Travel, etc.
21. SUBTOTAL COST (Add Lines 17-19) 735,414.62
Subcontractor's Comments:
Subcontractor's Name: Misc.
larent Contractor's Name: TBD
Signature & Title of preparer Date:
INSTRVCTIONS FOR PREPARING 1STIMATI FOR CO ACT WORK
All contract work proposals shall be addressed to the Customer Proposals must clearly state the conditions and scope of the work and shall be accompanied by a breakdown of cost, as
indicated Lump sum costs will not be accepted in either the prime or sub-contractor's breakdown of direct cost. the total cost for labor, material, and equipment rental (or ownership) for each
item shall be transferred to the corresponding item on the front of this form the contractor shall not proceed with any of the work prior to receipt of an executed contract
BREAKDOWN OF DIRECT COSTS Contract No. 1 Date
PC# N/A
ITEMSOF WORK OTY UNIT MATERIAL LABOR RENTAL EQUIPMENT
Unit Cost Tote Cost Unit Cost Total Cost 0 Days Rate Total Cost
Survey 1 day $1,100.00 $1,100.00 1 $ 59.50 $ 59.50
Grade 5772 sy $ 072 $4,155.84 3 $ 1,423 00 $4,269.00
Base course 17318 cf $ 187 $ 32,384 66
Bitum. Pweement 17318 cf $ 2.89 $ 50.049 02
Pave and base course labor/equip 12 day $ 2,77200 $33,264.00 12 $ 3,28000 $39,360.00
Curbing 500 If $ 14.00 $7,000.00 $ 1600 $8,000.00 5 $ 1,00000 $5,000.00
Parking lamps 12 9a $ 1,300.00 $15,600.00 $ 45000 $5,400.00 3 $ 850 00 $ 2,550.00
Amphitheater
Clear and Grub 3 day $ 50.db $ 150.00 $ 750.00 $2,250.00 3 $ 500 00 $1,500.00
Baskets 82 if $ 75.00 $6,150.00 $ 2450 $2,009,00 2 $ 80000 $1,600.00
Caps 155 If $ 500 $ 775.00 $ 5 00 $ 775.00
Base course 620 cf $ 4.00 $2,480.00 $ 2.80 $1,736.00 1 $ 80000 $ 800.00
Porous pave patio 836 sf $ 1200 $10,03200 $ 14 00 $11,704 00 3 $ 300,00 $ 900.00
West lot porous pave 3143 sf $ 1200 $37,716 00 $ 1200 $37,716,00 5 $ 300.00 $1,500.00
Landscape
Ran Gardens 29000 ci $ 200 $58.00000 $ 3,00 $87,000 00 8 $ 750 00 $ 6,000.00
Misc plantings 100 ea $ 10000 $10.00000 $ 75,00 $ 7,500.00
DIRECT SubContractor's Totals $230,33668 $202,6o9s B R Total (Rental) $63.538 50
FOR: TBD O Total Owned) I_=
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